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/
It is, of course an undeniable fact that the determination of
the average performance of steam, gas or other engines is in many re-
spects an approximation. In conducting such tests it is the usual
custom to employ a number of observers who, at stated intervals or !
at a predetermined signal, take simultaneous readings of various
instruments, the interval between readings varying from one to fif- !
teen minutes according to the nature of the test. The readings so
obtained are arranged or otherwise "worked up" and the results are i
accepted as indicative of the true average performance of the engine
during the test.
|j
In case the conditions remain fairly uniform during the test
or if the changes are gradual, extending over several readings, this
method may give results accurate enough for any practical purpose;
„
ii
if,however the changes are frequent and considerable in amount, these
readings may or may not represent the average conditions since the
previous observation and a factor of uncertainty is introduced into [
the results. j
In the determination of the average horse power of an engine "
by means of cards taken with the ordinary form of indicator the aver-
age of the horse-powers obtained from the various cards is taken to
be the true average horse-power developed during the test, despite
the fact that between readings a great variation of load may have
taken place. There is of course a limit to the number of cards that
can be taken in a given time. For this reason results obtained from
these cards must be in a measure approximate. il
The desire to avoid all approximation and to get results

atsolutely correct led to the design of various kinap of continuous
indicators. These vary in constructive details "but are of t^vo gener-
al types; those which give a record on a strip of paper and those
which record the result by means of a counter or dial*
• In the first class the most important feature is the mechan-
ism for producing continuous forward motion of the record by means
of the reciprocating motion of the engine piston. A continuous for-
ward uniform motion is of course readily obtained; but when the card
is to be used for any more than illustrative purpose, and even then,
it is desirable that the rate of motion of the paper bears a consta^nt
ratio to that of the piston.
A sketch of one form of continuous indicator is shown in Fig.
1. On the left of the sketch the cylinder of an ordinary indicator
with its recording levers will be seen. The recording pen is shown
in contact with a paper
ribbon, F, near its
lower edge. This
ribbon is drawn from
a drum, G, (Pig. 2.
)
carried around an
idler cylinders at I
and wound on a drum H.
The rate of motion of
the paper is con-
trolled by the cylinder
C, driven by the engine as folows; the wheel, A, is made to oscil-
J.ate by means ordinary reducing motion. Cords or metallic
• Prom paper by Thos. Gray in the Transaction of the Americi
Society of
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straps are attached to the
upper and loirer sides of
the wheel, A, and carried
in similar directions
around the pulleys, B, B,
which are fixed to the Figured
j
upper and the lower ends of the shaft carrying the cylinder, C. The
free ends of these cords are then led around the pulleys, D, D, and
joined "by a spring E. The cylinder C will be given a cloclcwise ro- ^
tat ion in consequence, the lower cord slipping on its pulley and
acting as a strap brake to prevent axcessive motion. When the motion
of the wheel A is reversed the lower cord turns C in the same direc-!
tion as that in which it was turned by the upper cord. So it will be
seen that the reciprocating motion of the engine imparts to C a
motion always in the same direction and proportional to the rate of
motion of the engine piston.
!|
The frame which carries the drums, G and H, swings around an i
axis at I, and is pressed toward the drum C, by a spring. The paper
|
passes between the drum H and the cylinder C, and thus when C is
turned the drum is caused to rotate and move the paper. Since the
drum H is driven through the pressure of C on the paper as it comes
|
ffom the idler I, and since C turns an equal amount for each stroke,
the length of paper ribbon which passes the recording pen is also
the same for each stroke no matter what amount of paper may be stored
on the drum.
Figures 3, 4 and 5 show the continuous indicator in the lab-
oratory of the University of Illinois. It is known as Brown's
Recording Indicator and is of the type which registers its readings
on a dial.
.
The most important parts are a small drum, D, a wheel, W,
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and the dial, C. The
drum D is moved hack-
ward and forward par-
allel to its axis by
means of a common re-
ducing motion, the cord
by which it is attached
to the reducing motion
causing it to move in
one direction and the
Figure 4:
an indicator piston which
is connected to a short
arm fixed to the frame
in which the wheel, W,
turns. As the drum
moves backward and for-
ward, the wheel causes
it to revolve about its
axis by an amount de-
pending upon the
F/gi/T'e 3.
spring S causing its motion in
the others. At the sa.me time
the wheel W has its plane, which
is normally parallel to the
axis of the drum, turned
through an angle proportional
to the difference in the steam
pressures on the two sides of
the engine piston by means of

inclination of the wheel and the stroke of the drum* The number of
revolutions shown hy the dial is thus proportional to the work done
by the engine.
It is atonce apparent that the use of some form of continuous
indicator would greatly reduce the lahor involved in working up the
horse power developed during a test. The time and work required to
determine the horse power of an engine are of considerc^ble moment
where tests are long in duration or great in number. This being the^
case, this thesis was undertaken with the end in view of determining
the measure of accuracy of the Brown Recording Indicator owned by
the University of Illinois.
The original intention was to compare the results obtained
from the continuous indicator with those gotten hy working up cards
taken during the test by means of ordinary steam engine indicators.
The work had not progressed far, however, before the following
question was raised. How does a change in the time between cards
effect the results, and can the results obtained from cards taken at
intervals be justly compared with those gotten by the use of a con-
1,
tinuous indicatdjr? In order to throw some light upon the question the
thesis was divided into parts;
I
(A) The effect on the result for average horse power of the
method of taking cards and of the interval between readings.
||
(B) Tests of the continuous steam engine indicator. Each of
these parts will be seperately treated.
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THE EFFECT ON THE RESULT EOR
AVERAGE HORSE POWER OF THE METHOD
OF TAKING CARDS AUD OF THE INTERVAL
BETWEEN READINGS.
mot mm m>iJork
TO mA Muo rnvmr to
11
The Effect on the Result for Average Horse-power of the I
Method of Taking Cards and of the Interval Between Readings.
In order to ohtain the data necessary for this investigation
a test of seven and one half hours duration was run on the iO"xl6"
! X 12" Tandem Compound Ideal Engine in the laboratory of the Univer-
sity of Illinois.
j
At intervals of two minutes cards were taken simultaneously
from each end of "both the high firessure and the low pressure cylinder.
At the same time readings were taken of the revolutions per minute
of the engine and also of such ammeters and voltmeters as would make
possible the calculation of the electric load; the engine tested
being used to run the dynamos supplying the light and power required
about the University buildings.
The complete results obtained from this test are set forth in
' the following tables, numbered from one to twenty-five. |
Table number one is the electrical log of the test. It gives
the readings of the voltmeter and the two ammeters. Prom these
\
ii readings the electric load was computed,
11
Tablt* twmber two gives the electric load (in horse-power)
I
for each two minute interval during the test.
Table number three is a record of the revolutions per minute
of the engine during the test.
Table number four is a record of the mean effective pressure
and of the indicated horse power developed in each cylinder during
the test. All cards are taken simultaneously at two minute intervals.
Figure 6 is a graphic representation of the results record-
.
ed in tables number two three and four. The curves show the vari-
j
II




Tables number five, six, seven, and eight, developed from
table nximber four show thehorse power developed with cards taken
simultaneously at intervals of four, six, eight, and ten minutes
respectively.
Tables number nine, ten, eleven, twelve, and thirteen also
developed from table number four^ show the horse-power developed
with cards taken in rotation at intervals of two, four, six, eight
and ten minutes respectively. The cards are assumed to have been
taken in the following order of rotation; high pressure head end,
high pressure crank end, low pressure head end, low pressure crank
end.
Tables number fourteen to number eight^feen, inclusive,
constitute Series A, developed from tables four to eight, inclusive,
and intended to show the effect on the results for average horse
power of the interval between readings, cards in all cases to be
taken simultaneously*
Tables number nineteen to number twenty-three, inclusive,
constitute Series B., developed from tables number four to number
thirteen, inclusive, and intended to show the effect on the results
for average horse power of the method of taking cards; ie., wheth-
er simultaneously or in rotation.
Tables number twenty-four and number twenty-four A,
are a siammary of the results of Series A. In table number twenty-
four the results are given in terms of the average indicated horse
power and in twenty-four A, by making the results for two minute
intervals unity and expressing the results for other intervals as
decimal parts thereof.
Tables number twenty-five and number twenty-five A, are
iai
vol tmtrf mtumtf^
a smnmary of the results of Series B. In table number twenty-five
the results are given in terms of the average indicated horse power I
and in twenty-five A, by making the results for simultaneous readings
unity and expressing the results obtained by taking cards in rotation
as decimal parts thereof.
Finally, the auther would state that guided by the results ij
as shown in tables twenty-four A, and twenty-five A, he has arrived
at the following eonclusiona.
|
1. That an increase in the time intervals belrween readings
|
w ill generally cause the result for average horse power to be lowered.
From table number twenty-four A, it may be seen that in only
one case out of twenty-eight did an increase in the interval between
readings give an increase average horse power compared with that for
a two min^^te interval, and there the increase was only one tenth of
one percent; while in the other twenty seven cases the results for
average horse power were too low by amounts varying from three
tenths of one percent to three and eight tenths percent, when simi-
larly compared.
2, That when cards are taken in rotation at given intervals
of time the results for average horse power will in general be some-
what smaller than when cards are taken simultaneously with the same
interval.
Prom table number twenty-five A, it may be seen that in nine
cases out of thirty-five the result for average horse ^ower with cards
taken in rotation exceeded the result obtained by taking cards simul-
taneously, the increase varying from one tenth of one percent to five
and eight tenths percent; while in twenty-five cases the results for
average horse power with cards taken in rotation were lower than the
AS dSlm
9ia m^'
results with cards taken simultaneously by amounts varying from two 1
tenths of one percent to five and eight tenths percent. In one the
results were identical.
3. That for ordinary work a change in the interval "between
readings (within reasonable limits ) or in the method of taking cards
will cause no very considerable error in the result for average
horse power; but that when an extreme measure of accuracy is of great







Time Am.M. V.M. Am«M. Time Am.M. V.M. Am.M.
9090 9292 7061 9090 9292 7061
9-12 41 446 41 10-02 40 436 40.5
-14 41 445 41.5
-04 40 436 40.5
-16 41 443 41.5 -06 40.25 435 41
-18 41 442 41.5
-08 40.25 435 40.5
-20 40.25 442 41
-10 40.5 438 41
-22 40 442 40.5
-12 40.5 438 41
-24 40 442 41
-14 40.25 435 40.5
-26 40.25 441 40.5
-16 41 435 41
-28 40 441 40.5
-18 41.5 436 41.75
-30 40 440 40.5
-50 41 436 41.75
-32 40 440 40
-22 41 437 41.25
-34 40 440 40.25
-24 41.5 438 41.75
-36 40 438 40
-26 41.5 436 41,75
-38 40 437 40.25
-28 40.5 433 41
-40 40 437 40.25
-30 40.25 434 40.5
-42 40 438 40.5
-32 40.25 430 41.25
-44 40 440 41
-34 40.5 430 42
-46 40.25 440 41.25
-36 42.5 432 42.25
-48 40.25 440 41
-38 41.25 433.5 42.5
-50 40 440 40
-40 41.25 433.5 42.5
-52 40.5 438 40.75
-42 41 433.2 42.2
-54 40 437 40.5
-44 41 433.5 42
-56 40.5 440 41
-46 40.75 433.5 42
-58 40.25 440 41
-48 40.75 430 42
10-00 40.5 437 41








































Time Ani*M* V.M. Arn.M. Time Am.M. V.M. Am.M.
9090 9292 7061 9090 9292 7061
10-52 41 431 42 11-46 39 433 39.75
-54 41 430 41.5 -48 39 433 39.75
-56 40.5 430 41 -50 39 430 39.5
-58 40.5 430 41 -52 39 430 39.75
11-00 41 433 41.5 -54 27.5 430 30
-02 41 433 41.5 -56 29 429.5 29.5
-04 41 433 41.5 -58 30 430 29
-06 40.5 431 41 12-00 426
-08 40,5 431 41 .02 425
-10 40 430 40.5 -04 432
-12 40 430 40.5 -06 437
-14 39.5 429 40
-OB 436
-16 39.5 429 40 -10 435
-18 40 430 40.1 -12 435
-20 39.5 435 40 -14 435
-22 39.5 435 40 -16 432
-24 39.5 435 40 -18 432
-26 39.5 433.5 40 -10 432
-28 39.75 433.5 40.1 -22 433
-30 39.75 433.5 40 -24 435
-32 39.75 433.5 40 -26 434
-34 39.5 433.5 40 -28 433
-36 39.5 434 40 -30 431
-38 39 433 39.75 -32 431
-40 39 430 40 -34 431
-42 39 431 40 -36 431
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Time V.M. Am«M* Time Am.M* V.M. Am.M.
9090 9292 7061 9090 9292 7061
12-40 430 1-34 41 450 41
-42 427 -36 40 450 41
-44 432 -38 40 451 40
-46 430 -40 40 450 40
-48 432 -42 41 450 41
-50 435 -44 40 450 41
-52 436 -46 41 450 41
-54 435 -48 40 450 41
-56 435 -50 40 450 41
-58 432 -52 40 451 41
1-00 15 435 15 -54 40 451 41
-02 15 435 15 -56 40 451 41
-04 15 435 15 -58 40 450 40
-06 15 435 15 2-00 41 451 41
-08 15 435 15 -02 40 451 41
-10 22 435 22 -04 40 450 41
-12 42 450 41 -06 40 447 41
-14 41 450 41 -08 40 446 41
-16 41 450 41 -10 40 446 41
-18 40 450 42 -12 40 447 41
-20 41 450 41 -14 40 448 40
-22 40 450 40 -16 40 448 40
-24 40 450 41 -18 40 448 4o
-26 40 450 41 -20 40 447 40
-28 40 450 41 -22 40 446 40
-30 42 450 42 -24 44 448 44
-32 41 450 40 -26 40 446 41
11^
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Time Am.M. V.M. Time Am.M. V.M. Am.M*
9090 9292 7061 9090 9292 7061
2-28 40 447 41 3-22 60 445 62
-30 40 446 41
-24 62 446 64
-32 40 445 41
-26 64 446 66
-34 40 446 40
-28 69 447 70
-36 40 446 40
-30 70 448 72
-38 41 446 41
-32 69 447 70
-40 40 446 41
-34 69 447 70
-42 40 447 40
-36 69 447 70
-44 42 447 42
-38 69 447 70
-46 45 447 42
-40 69 447 70
-48 43 447 41
-42 69 447 70
-50 43 447 41
-44 69 447 70
-52 43 447 41
-46 69 447 70
-54 60 448 60
-48 70 448 72
-56 61 447 62
-50 69 447 70
-58 60 447 60
-52 69 447 70
3-00 61 447 61
-54 69 447 70
-02 61 447 61
-56 69 448 70
-04 63 447 63
-58 69 447 70
-06 63 447 63 4-00 72 448 75
-08 63 447 63
-02 72 448 74
-10 61 447 61
-04 72 448 74
-12 60 446 60
-06 73 448 74
-14 61 446 62
-08 72 448 72
-16 58 445 60
-10 71 448 74
-18 59 446 59
-12 72 448 75
—i&U
-14 73 448 76
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Time H,P. Time H.P.
9-12 49,28 10-04 47.30
-14 49.47 -06 47.76
-16 49.14 -08 48.64
-18 49.09 -10 48.06
-20 48.39 -12 48.10
-22 47.81 -14 48.70
-24 48.11 -16 48.07
-26 47.96 -18 48.91
-28 47.84 -20 48.63
-30 47.73 -22 48.39
-32 47.43 -24 49.14
-34 47.58 -26 48.91
-36 47.22 -28 47.56
-38 47.26 -30 47.24
-40 47.26 -32 47.23
-42 47.61 -34 47.80
-44 48.03 -36 48.78
-46 47.93 -38 48.79
-48 48.32 -40 48.79
-60 47.43 -42 49.65
-52 47.96 -44 48.23
-54 48.75 -46 48.08
-56 48.33 -48 47.69
-58 48.18 -50 47.34
10-00 47.99 -52 47.95
-02 47.30 -54 47.55
Time H.P. Time H.P.
10-56 46.97 41-48 45.71
-58 46.97 -50 46.18
11-00 47.88 -52 45.39
-02 47.88 -54 33.14
-04 47.88 -56 33.64
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Time H.P. Time H.P. Time H.P. Time H.P.
12-40 1-36 48.86 2-30 48.41 3-26 77.72
-42 -38 48.36 -32 48.30 -28 83t28
-44 -40 48.24 -34 47.82 -30 85.27
-46 -42 49.96 -36 47.82 -32 83.28
-48 -44 48.86 -38 49.02 -34 83.28
-50 -46 49.46 -40 48.42 -36 83.28
-52 -48 48.86 -42 47.83 -38 83.28
-54 -50 48.86 -44 50.33 -40 83.28
-56 -52 48.97 -46 52.13 -42 83.28
-58 -54 48.97 -48 50.33 -44 83.28
1-00 17.49 -66 48.97 -50 50.33 -46 83.28
-02 17.49 -58 48.24 -52 50.33 -48 85.27
-04 17.49 2-00 49.57 -54 72.06 -50 83.28
-06 17.49 -02 48.96 -56 75.04 -52 83.28
-08 17.49 -04 48.86 -58 71.90 -54 83.28
-10 24.31 -06 48.53 3-00 72.97 -56 83.47
-12 50.06 -08 48.41 -02 72.97 -58 83.28
-14 49.46 -10 48.41 -04 75.49 4-00 88.28
-16 49.46 -12 48.53 -06 75.49 -02 87.68
-18 49*46 -14 47.77 -08 75.49 -04 87.68
-20 49.46 -16 47.77 -10 72.97 -06 88.28
-22 48.24 -18 47.77 -12 71.74 -08 88.28
-24 48.86 -20 47.93 -14 73.53 -10 87.08
-26 48.86 -22 47.82 -16 70.39 -12 88.28
-28 48.86 -24 52.84 -18 70.54 -14 89.48
-30 50.67 -26 48.29 -20 72.04 -16 88.28
-32 48.86 -26 48.29 -22 72.77 -18 88.28
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Time R.P«M« Time R.P.M.
9-12 262 10-04 265
-14 266 -06 265
-16 262 -08 264
-18 263 -10 266
-20 266 -12 265
-22 267 -14 269
-24 268 -16 266
-26 266 -18 266
-28 266 -20 265
-30 266 -22 265
-32 269 -24 265
-34 264 -26 265
-36 264 -28 264
-38 267 -30 265
-40 267 -32 265
-42 266 -34 265
-44 267 -36 261
-46 267 -38 263
-48 266 -40 264
-50 266 -42 263
-52 265 -44 263
-54 262 -46 264
-56 267 -48 263
-58 266 -50 265
10-00 267 -52 264
-02 267 -54 262
Time RaP aM* Time R.P.M.
10-56 262 11-48 264
-58 263 -50 267
11-00 265 -52 267
-02 265 -54 267
-04 266 -56 270
-06 266 -58 265
-08 265 12-00 266
-10 263 -02 266
-12 265 -04 270
-14 262 -06 270
-16 264 -08 270
-18 265 -10 268
-20 267 -12 269
-22 267 -14 269
-24 266 -16 267
-26 267 -18 265
-28 267 -20 268
-30 268 -22 268
-32 264 -24 270
-34 267 -26 269
-36 267 -28 271
-38 265 -30 268
-40 264 -32 271
-42 265 -34 269
-44 267 -36 267
-46 269 -38 263
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rat oU- aat ac- aat ta-
OS- rat 86- lat at- fat aa-
S8- aat Ot- tat 8t- fat aa-
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r^t Bt- cat sa- aat 06-
at- rat tat aa- ta-
BOS oe- aat 8t- aat aa- tie aa-
^- aat tat ta- fat at-
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tat




























H.P. L.P. H.P. L.P. Total
Time H.E. C.E. H.E. C.E. H.E. C.E. H.E. C.E. I.H.P.
1-1 9-12 21.0 28.6 6.6 6.6 14.56 17.35 10.52 10.52 52.95
-2 -14 28.3 29.3 6.6 6.9 17.87 18.01 10.65 11.06 57.59
-3 -16 26.6 29.3 6.6 6.0 16.64 17.73 10.52 9.46 54.35
-4 -18 28.3 29.3 6.6 7.3 17.81 17.81 10.53 11.68 57.83
-5 -20 28.3 30.0 7.3 7.6 18.04 18.42 11.70 10.60 58.76
2-1 -22 31.6 29.6 8.2 6.6 19.54 18.74 13.24 10.72 62.24
-2 -24 30.3 26.6 6.9 7.3 18.78 16.97 11.61 11.82 59.18
-3 -26 28.6 26.0 8.6 6.4 17.60 16.46 13.82 10.21 58.09
-4 -28 30.3 27.6 6.9 7.2 18.62 17.65 11.04 11.49 58.80
-5 -30 30.0 30.6 6.6 6.9 18.42 19.57 10.60 11.06 59.65
3-1 -32 29.0 29.6 7.2 6.3 18.04 18.96 11.66 9.91 58.57
-2 -34 28.3 28.0 6.7 6.3 17.26 17.91 10.75 9.91 55.83
-3 -36 29.0 27.3 7.1 6.7 17.62 17.45 11.40 10.75 57.22
-4
-38 29.3 28.6 7.2 6.7 18.09 18.39 11.66 10.75 58.89
-5 -40 30.7 30.0 7.1 6.4 18.93 19.20 12.05 10.36 60.54
4-1 -42 29.4 28.3 6.4 7.2 18.43 18.10 10.37 12.88 59.78
-2
-44 27.0 28.3 6.3 7.0 17.45 17.75 10.11 13.06 58.37
-3
-46 27.0 30.0 6.7 7.0 17.45 18.84 10.75 11.17 58.21
-4
-48 29.4 30.0 6.4 6.0 18.43 19.00 10.37 12.14 59.94
-5
-50 29.4 28.3 6.7 6.0 18.43 17.90 10.75 12.39 59.47
5-1 -52 29.51 31.11 6.7 7.3 18.64 17.82 11.62 11.76 59.84
-2 -54 29.51 30.5 '7.3 6.5 18.29 16.58 12.65 11.67 59.19
-3
-56 27.8 30.5 7.3 6.9 17.26 16.89 12.98 11.67 58.72
-4
-58 27.8 30.5 6.7 7.3 17.45 16.83 11.66 11.63 57.57
o 10-00 29.5 31.1 7.3 6.7 18.50 17.96 12.90 11.45 60.81
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r.d rc.ie r ^ .
H.P. L.P.
No* Time H«E. C.E. H.E. C.E*
6-1 10-02 26*5 28.3 7.2 6.5
-2 -04 25*0 on rt27.7 7.0 rf n7.2
-o -06 25«3 28.3 6.7 n o7.2
-4 /NO-08 29 #0 30.0 6.7 O.
-6 -10 29.0 26.7 7.3 7.2
7-1 -12 OQ O28.2 7.9 ^ .1
n
-z -14 OO £28.6 o o8.8 7.4
-3 -16 33*8 27.0 7.3 6.7
-4 -18 28*4 26.0 10.0 6.7
-5 -20 28*3 26.7 10.5 7.1
8-1 -22 32*3 29.0 9.3 6.7
-2 -24 31*6 27.6 9.1 5.5
-3 -26 33*3 27.6 9.8 6.0
-4 -28 32*6 28.0 9.3 6.0
-6 -30 33»0 27.6 8.9 5.3
9-1 -32 29 • 7 29.7 7.7 7.3
-2 -34 31 .7 29.1 7.7 7.7
-3 -36 31 #7 29.7 6.5 8.0
-4 -38 32*4 29.7 6.5 8.0
-6 -40 32*4 29.7 7.3 7.6
10-1 -42 31*0 26.6 6.6 7.8
-2 —44 30*1 28.6 6.4 7.8
-3 -46 29.7 30.0 7.2 7.2
-4
-48 31.0 30.3 7.3 6.7
-5 -50 27.1 29.3 7.1 6.6
11-1 -52 31.4 28.3 7.2 7.9
I.E.P.
H.P. L.P. Total
H.E. C.E. H.E. C.E. X.H.P.
18.69 17.96 12.57 10.66 59.88
17.32 17.40 12.32 10.66 57.70
17.57 17.83 11.68 10.66 57.74
17.68 19.04 11.62 9.54 57.88
17.82 16.81 12.83 11.70 59.16
18.36 16.85 12.60 11.29 59.10
18.64 16.62 14.16 11.79 61.21
18.92 17.07 11.65 10.63 58.27
17.20 18.08 15.87 10.63 61.78
17.14 18.41 16.70 11.29 63.54
19.77 16.85 12.60 10.57 59.59
19.58 17.64 15.82 8.46 61.50
20.38 16.85 17.32 9.51 64.06
19.94 17.76 16.00 9.72 63.42
20.20 18.32 12.07 8.36 58.95
18.22 18.74 12.15 11.05 60.16
19.42 18.32 12.12 12.32 62.18
19.12 18.74 11.00 12.56 61.42
19.58 18.74 11.04 12.64 62.00
19.73 18.74 12.04 11.94 62.45
19.78 16.59 10.40 8.83 55.60
18.51 17.84 10.40 8.83 55.58
18.14 18.84 11.60 8.84 57.42
19.78 20.59 11.70 8.83 60.90
16.60 18.48 11.30 8.42 54.80










. r O.Of O.Ht 8.88
M.ft 05-
.01 06 »9I .•a £.S8
8«« 8«fS
€.88
00.*dX O.a <•€ 0.88 8.88 86-





• Obi .«! ••6
K.
•U r r'
.«! J.J 8.88 oa
.
. )X ••T ^•88 X.Of 8>—




H.P. L.P. H.P. L.P. Total
No. Time Xl. Pi . V> . JTi* XI . • H.E. C.E. H.E. I. H.P.
11-2 10-54 97 - fi 7-3 7-2 17.00 17.2^ 11*64 11.49 57.39
-3 -56 28.6 7-5 6-7W.I 17.79 17.84 11.80 10.62 58.05
-4 -58 29.4 2ft -3 6.8 6.7 17.79 18.64 11.02 10.55 58.00
-5 11-00 Pft fi-fto . o ft o 1ft 91XO . X 1 9-ft'5X7 . Ow 1 0-ft5XV/. Ow 1 9-76Xm .IV/ 62.37
12-1 -02 PA R P7 ^ fi 7 7 7 1 A- •59XV %JV 1 7-99 10-00Xv/ •W 1 2-39X£> . «/
A
56.13
-2 -04 P7 1<b r . X P7 7 1 7 R 1 A A''^X D . \J%J 1 7 ftftX 1 . oo 11 SOXX . %J\J 1 1 -ft9XX • O 37 57.70
-3 -06 97 »i Pfi fi fi- *S 7 - ''i 16.85 16.82 10-30xv/ . «/v/ 11 -69XX . U 7 55.66
-4 -08 90 A9 . 4 PA A P 7 % 18.00 16.78 1 1 A9XX . D 56.37
-5 -10 9Q it P7 . fi A-
A
7 9 17.79 17.41 10-30XV/. wV/ 11 -37XX . w f 56.87
13-1 -12 No card taken.
-2
-14 Pfi A 1O • X A 7D.I 18.15 16.59 in APXV/ . \JC> 55.16
-3
-16 ?ft . 7 A-0 A. 4. 17.48 16.32 9- AO•7 . UV/ 10-1 AXV/. XV.' 53.56
-4 -18 oo . o 97 n A A QD • 7 20.40 17.03 Q QR17 . 70 57.41
-5 -20 •^A 7 Pfi fi ft A 4.D • ^ 22.38 16.94 1 S QO in 1XV/ . XD 63.38
14-1 -22 27-1A r . X PS- 6.6 7-9 16.73 14.79 10.20 1 1 - '57XX . «/ r 53.09
-2
-24 ?7 - 1 9P-0 A 7D.I A-
A
D . D 16.65 13.92 1 AOXV/ . \J\J 11 ^9XX . w (7 52.76
-3 -26 25,4 24.0 6-1W . X 5-7 15.68 15.24 10.00 9-14,7 . XV 50.06
-4 -28 A-1U . X 15.90 14.03 9 90 9 4.4 49.27
-5
-30 n u card taken.
15*1 -32 25.3 26 • 6 7.4 15.43 16.70 9 RO 1 1 -RAXX . oo 53.49
-2
-34 P7 ft 7 P 15.45 20.43 Q Rn 1 1 RPXX . Oei 56.90
-3
-36 PA P R QO . 7 7 C\ 15.45 19.25 XX « 6U 55.40
-4
-38 25.3 27.4 7.3 7.4 15.48 17.28 11.50 11.70 55.96
-5
-40 25.3 26.6 5.9 7.2 15.43 16.70 9.40 11.86 53.39
16-1
-42 23.2 26.6 5.9 6.5 14.07 16.78 9.40 10.41 50.66
-2
-44 23.2 26.0 5.3 6.5 14.70 16.51 8.40 10.49 50.10
Lt






H.P. L.P. H.P. L.P. Total
No. Time H.E. C.E. H.E. C.E. H.E. C.E. H.E. C.E. I.H.P.
16-3 11-46 23.2 25.0 5.3 6.0 14.82 16.00 8.50 9.71 49.03
-4 -48 25.4 25.3 5.3 6.0 15.30 15.38 8.30 9.53 48.51
-5 -50 26.4 26.0 5.3 6.5 16.78 16.41 8.40 8.51 50.15
17-1 -52 21.0 21.6 12.96 13.71
-2 -54 20.6 22.0 12.74 13.97
-3 -56 ITo cards taken-
-4 -58 Indicator String Tjroken.
-5 12-00
18-1 -02 15.18 9.3 .5 1.7 9.32 5.88 .99 2.76 18.95
-2 -04 13.20 9.0 .5 1.7 8.13 5.77 1.00 2.79 17.69
-3 -06 11.9 10.3 .5 1.7 7.40 6.61 1.00 2.79 17.80
-4 -08 11.9 11.6 .5 1.7 7.40 7.44 1.00 2.79 18.63
-5 -10 11.9 12.0 .5 1.7 7.34 7.65 1.00 2.61 18.60
19-1 -12 11.6 10.0 .7 1.6 7.41 6.40 .84 2.59 17.24
-2 -14 13.1 10.0 .7 1.6 8.40 6.40 .84 2.59 18.23
-3
-16 11.5 10.6 .7 1.5 7.06 6.74 .84 2.36 17.00
-4 -18 10.1 11.6 .7 1.5 6.18 7.31 .83 2.33 16.65
-5
-20 10.5 10.0 .7 1.6 6.42 6.38 .84 2.58 16.22
20-1 -22 11.3 13.3 .7 2.1 6.99 8.48 .84 3.33 19.64
-2
-24 10.4 15.0 .7 2.1 6.50 9.63 .85 3.36 20.34
-3 -26 10.4 13.0 .7 2.1 6.47 8.32 .84 3.34 18.97
-4
-28 11.3 13.0 .7 2.1 7,00 9.39 .86 3.37 20.62
-5 -30 11.7 10.6 .7 2.1 7.26 6.76 .84 3.33 18.19
21-1 -32 12.17 12.6 .7 1.6 7.62 8.11 1.15 2.81 19.69














H.P. L .P. H,•P. L, P. Total
No* Time H.E. C • E. H.E. C.E. H.E. C.E. H.E. C.E. I.K.P.
21-4 12-38 No cards taken.
-5 -40 11.7 11.3 .7 1.7 7.36 7.05 1.13 2.90 18.44
22-1 -42 11.7 12.3 .8 1.7 7.15 7.92 1.35 3.09 19.51
-2 -44 11.3 12.3 • 8 1.7 6.90 7.84 1.35 2.79 18.88
-3
-46 10,4 11.6 .8 1.7 6.57 7.23 1.37 2.84 18.01
-4
-48 10.9 12.3 .8 1.7 6.74 7.84 1.35 2.79 18.12
-5 -50 No cards taken.
23-1 -52 8.8 13.6 .6 2.0 5.46 8.63 1.14 3.20 18.43
-2 -54 10.1 13.6 .6 2.0 6.27 8.63 1.14 3.20 19.24




24-1 -02 13.1 16.6 .8 2.4 8.09 10.59 1.22 3.87 23.77
-2 -04 13.1 16.6 .8 2.5 8.06 10.54 1.28 4.07 23.95
-3 -08 16.4 17.0 .9 2.9 10.00 10.72 1.41 4.67 26.80
-4 -08 22.9 20.6 1.6 5.5 14.10 16.89 2.62 8.77 42.38
-5
-10 28.1 26.6 2.2 7.2 17.25 16.84 3.45 11.41 48.95
25-1 -12 30.0 27.2 10.0 7.7 19.00 17.40 15.96 12.30 64.66
-2
-14 30.0 28.2 10.3 8.1 19.00 17.80 16.43 12.98 66.21
-3
-16 29.0 27.2 7.2 7.2 18.36 17.05 11.58 11.50 58.48
-4
-18 30.6 27.2 7.2 7.0 19.35 17.40 11.58 11.20 59.53
-5 -20 30.0 27.2 7.2 6.9 18.70 16.90 11.40 10.90 57.90
26-1 -22 31.7 28.4 6.5 6.7 19.20 17.75 10.38 10.49 57.82
-2
-24 30.0 29.-4 6.5 6.7 18.50 18.35 10.40 10.32 57.57
-3
-26 29.7 27.4 6.5 6.7 17.95 17.15 10.30 10.62 56.02
-4
— <&o 30.0 28*4 6.5 6.7 18.00 17.55 10.20 00.9 r
ll
* T.I 1*. e«xx r.xx
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H.P. L.P. H.P. L.P. Total
No. Time H.E. C.E. H.E. C.S. H.E. C.E. H.E* C.E. I.H.P.
26-5 1-30 29.7 29.0 6.5 6.7 17.95 18.05 10.30 10.62 56.92
27-1 -32 28.3 29.8 7.2 7.1 17.50 18.60 11.12 11.05 58.27
-2 -34 29.3 27.2 7.6 7.1 17.90 17.05 12.10 11.21 58.26
-3
-36 28.9 28.1 7.3 7.1 17.70 17.80 11.75 11.23 58.48
-4
-38 29.3 26.2 7.3 7.1 17.90 16.40 11.70 11.20 57.20
-5 -40 29.0 26.2 7.5 7.4 17.75 16.60 11.96 11.05 57.35
28-1 -42 29.1 27.5 7.1 6.8 17.95 17.60 11.40 10.90 57.85
-2 -44 30.1 27.3 7.5 7.0 18.30 17.20 12.30 11.10 58.90
-3 -46 28.4 27.3 7.5 6.9 17.60 17.40 12.40 11.10 58.50
-4
-48 28.4 28.0 7.5 6.9 17.30 17.60 12.30 10.95 58.15
-5 -50 29.4 28.0 7.3 7.2 17.95 17.60 11.22 11.25 58.02
29-1 -52 31.6 27.0 7.7 7.3 19.25 16.60 12.20 11.60 59.65
-2 -54 27.2 26.6 7.4 7.2 17.20 16.40 11.75 11.40 56.75
-3 -56 30.6 28.3 7.0 7.7 18.75 17.90 11.20 10.80 58.65
-4 -58 31.6 29.0 7.3 7.8 19.05 18.00 11.50 10.65 59.20
-5 2-00 31.6 27.6 7.4 7.2 19.05 17.30 11.62 11.10 59.07
30-1 -02 30.4 28.5 7.4 7.4 18.40 17.80 11.60 11.62 59.42
-2 -04 30.4 29.2 7.2 6.8 18.50 18.20 11.44 10.70 58.84
-3
-06 29.7 29.9 7.2 6.6 18.00 18.70 11.44 10.35 58.49
-4
-08 29.7 29.2 7.2 6.7 18.10 18.30 11.48 10.70 58.58
-5
-10 29.7 27.6 7.2 6.7 18.00 18.80 11.44 10.50 58.74
31-1 -12 28.2 30.1 6.5 7.2 17.30 19.10 10.30 10.70 57.40
-2
-14 PRAO . Q PQ 1 6.6 6.6 X 1 • 0\J JLo. J.U 55.50
-3
-16 27.9 27 .'2 6.5 6.6 17.10 17.20 10.30 10.70 55.30
-4
-18 28.9 27.5 6.7 6.8 17.60 17.40 10.40 10.90 56.30
-5













Od.OX 00.^ 9i»r 0,
(k>«Vi.
Ot.ax ». X •J <
Or.ftX
OT.Ol oe.HX 0X<
r ,r « or
r
H.P. L .P. H.P. L, P. Total
No, Time H«!€ • H • !B . H.E
.
C.S. I.H.P.
32-1 2-22 32«7 Oft a29 • 6 7.4 6.6 1ft rj/? lo.4r 11.66 10.60 60.49
-2 -24 26*1 26.6 7.2 6.8 1 ^ ftl16.93 "1 £ n/>16.70 11.40 10.64 55.67
-3 -26 27 « on ^27 #6 7.0 6.6 16. yv 11.30 10.64 56.63
-4 -28 28*8 26.6 7.2 6.6 1 n HA17.74 18.15 11.50 10.55 57.94
-5 -30 27 ,1 25.6 6.6 6.8 16.41 1 R nn15.97 11.45 10.70 54.53
33-1 -32 28 .7 28.6 7.0 6.4 17.34 17.84 11.50 10.15 56.83
-2 -34 28.7 28.3 7.2 6.3 17.53 17.86 11.50 10.00 56.88
-3 -36 30*0 26.6 7.7 7.5 18.57 1 a nn16.97 12.40 12.00 59.94
-4 -38 28*3 25.0 7.9 6.9 17,39 15.82 12.50 11.10 56.81
-5 -40 28*3 26.6 8.0 7.5 17.32 16.80 12.70 11.90 58.72
34-1 -42 29*4 30.0 7.6 7.9 18.18 19.14 11.90 12.65 61.87
-2 -44 30*1 28.6 7.6 7.9 18.45 17.76 11.90 12.35 60.46
-3 -46 29*4 oo r\28 .0 7.2 8.3 in an17.65 in T e17.36 11.40 12.97 59.38
-4
-48 29*4 30.0 7.6 7.5 n n n n17.77 18.72 12.00 11.70 60.19
-5 -50 29*4 Oft a29.0 7.4 8.1 1 n nn17.77 to An18.47 11.60 12.80 60.64
35-1 -52 00«7 51.3 9.0 9.1 o o to22.18 t ft ex19.53 14.20 14.20 70.11
-2 -54 35«0 33.3 8.9 8.7 21.16 on nn20.77 14.00 13.60 69.53
-3
-56 1 1 8.5 8.5 21.35 20.28 17.70 13.60 68.93
-4
-58 3d#7 T A f\34.0 9.2 9.3 oo A t22.43 21.47 14.70 14.80 73.40
-5 3-00 30«d 35.3 9.2 9.2 21.61 22.34 14.70 14.50 73.15
36-1 -02 36#7 33.0 9.8 9.6 20.72 22.38 15.60 15.26 73.96
-2
-04 33*4 33.0 9.6 9.5 20.65 20.21 15.20 14.96 71.02
-3
-06 34.4 33.0 9.3 9.7 20.65 20.81 14.70 15.42 71.58
-4
-08 32.7 29.0 8.9 9.3 17.99 19.72 14.10 14.70 66.51
-5
-10 32.7 31.0 8.9 9.3 19.40 19.72 14.20 14.78 68.10




















H.P. L.P. H.P. L.P. Total
ITo. Time H.E« C.E. H.E. ^."^t H.E. C.E. H.E. C.E. I.H.P,
37-2 3-14 34.8 31.0 9.8 8.7 21.05 19.40 15.61 13.80 69.86
-3 -16 34.5 31.0 9.8 8.3 21.11 19.56 15.63 13.20 69.50
-4 -18 34.8 32.0 9.6 8.7 21.54 20.42 15.48 14.20 71,64
-5 -20 36.1 33.0 9.4 8.7 21.10 20.79 15.00 14.82 71.71
ISB-l -22 37.8 33.4 12.4 11.2 23.13 21.10 19.80 17.86 81.89
-2 -24 36.1 36.8 12.1 10.4 22.16 23.27 19.30 16.62 81.35
-3 -26 41.5 40.5 12.4 10.4 25.11 25.23 19.68 16.49 86.51
-4 -28 41.5 36.7 11.7 10.4 25.61 23.30 18.73 16.71 84.35
-5 -30 41.5 28.5 10.9 11.2 25.11 24.05 17.27 18.80 84.23
39-1 -32 43.4 40.0 10.9 11.2 25.43 24.76 17.05 17.50 84.74
-2 -34 41.0 39.3 11.1 11.6 24.91 24.62 17.60 18.38 85.51
-3 -36 40.7 38.7 11.7 11.6 24.38 22.71 18.23 18.05 83.37
-4 -38 41.0 38.3 11.7 10.8 24.83 23.89 18.43 17.02 84.17
-5 -40 41.3 38.0 11.7 10.0 24.92 23.60 18.40 15.71 82.63
40- 1 -42 41.0 39.3 11.6 11.6 24.72 23.99 18.05 17.90 84.66
-2 -44 42.0 40.0 11.1 12.5 24.95 24.76 18.60 19.68 87.99
-3 -46 41.0 40.3 10.4 10.1 24.10 25.63 18.08 17.80 85.61
-4 -48 41.0 40.0 10.8 11.6 24.80 24.64 16.91 18.05 84.40
-5 -50 39.0 43.0 11.6 12.0 23.36 26.23 17.98 18.62 86.19
41-rl -52 42.0 44.0 11.6 11.2 25.49 27.46 18.26 17.53 88.74
-2 -54 44.0 44.0 11.6 11.6 26.93 27.52 18.48 18.48 91.41
-3 -56 41.0 40.0 11.6 12.4 24.88 24.96 18.30 19.68 87.82
-4 -58 42.0 44.0 11.6 12.4 25.03 27.02 18.00 19.30 89.35
-5 4-00 42.0 46.0 12.4 11.2 25.40 28.66 19.35 17.70 91.11
42-1 -02 44.0 42.0 11.6 11.9 26.53 26.10 18.20 18.50 89.33
-8
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No. Time H»!5. c.s. C.E.
42-3 4-06 45.0 43.0 12.8 12.6
-4 -08 44.0 44.0 Inc. 11.9
-5 -10 45.0 43.0 Cards 11.6
43-1 -12 50.3 45.7 13.1 14.6
-2 -14 49.8 37.8 14.4 14.6
-3 -16 50.9 50.1 15.3 15.3
-4 -18 50.9 52.8 15.1 16.0
-5 -20 51.2 50.1 15.7 16.0
44-1 -22 53.0 50.6 15.1 15.6
-2 -24 50.0 50.3 15.1 15.6
-3 -26 49.4 49.3 15.1 14.8
-4 -28 48.7 48.9 13.1 14.4
-5 -30 40.6 39.0 11.8 10.0
45-1 -32 49.0 45.9 12.6 13.1
-2
-34 47.0 45.3 12.9 13.1
-3
-36 46.0 43.6 12.6 13.1
-4 -38 46.0 43.6 12.6 13.1
-5
-40 46.0 43.6 12.6 13.1
I. H.P.
H.P. L.P. Total
H.!E. C.E. H.E. C.E. X.H.P.
27.23 26.90 20.40 19.80 94.33
26.72 27.40 Inc. 18.70
26.45 26.80 Cards 18.40
30.13 28.30 20.05 22.75 101.23
29.93 23.40 22.60 22.90 98.83
30.69 31.10 24.00 24.02 109.81
30.79 32.20 23.80 25.05 111.84
31,08 31.30 24.85 25.08 112.31
31.71 31.50 23.37 24.30 110.88
29.95 31.30 23.37 24.30 108.92
28.72 30.40 21.10 22.30 102.52
28.12 30.00 17.08 18.80 94.00
23.10 23.90 11.80 11.00 69.80
26.88 26.39 18.00 18.70 89.97
27.26 26.94 19.50 19.80 93.50
26.59 25.89 18.90 19.60 90.98
26.77 26.16 19.05 19.90 91.88














CARDS TAKEN SIMULTAlsrEOUSLy: INTERVAL^ 4 MIlsmTES.
I. H.P.
H.P. L.P. Total
Time C.E. C .E. IH.P.
9-12 14.56 17.35 10.52 10.52 52.95
-16 16.64 17.73 10.52 9.46 54.35
-20 18.04 18.42 11.70 10,60 58.76
-24 18.78 16.97 11.61 11.82 59.18
-28 18.62 17.65 11.04 11.49 58.80
-32 18.04 18.96 11.66 9.91 58.57
-36 17.62 17.45 11.40 10.75 57.22
-40 18.93 19.20 12.05 10.36 60.54
-44 17.45 17.75 10.11 13.06 58.37
-48 18.43 19.00 10.37 12.14 59.94
-52 18.64 17.82 11.62 11.76 59.84
-56 17.26 16.89 12.90 11.67 58.72
10-00 18.50 17.96 12.90 11.45 60.81
-04 17.32 17.40 12.32 10.66 57.70
-08 17.68 19.04 11.62 9.54 57.88
-12 18.36 16.85 12.60 11.29 59.10
-16 18.92 17.07 11.65 10.63 58.27
-20 17.14 18.41 16.70 11.29 63.54
-24 19.58 17.64 15.82 8.46 61.50
-28 19.94 17.76 16.00 9.72 63.42
-32 18.22 18.74 12.15 11.05 60.76
-36 19.12 18.74 11.00 12.56 61.42
-40 19.73 18.74 12.04 11.94 62.45
-44 18.51 17.84 10.40 8.83 55.58
































































Time H.E. C.E. C.E. I.H.P.
10-52 18.85 19.77 11.44 12.43 62.49
-56 17.79 17.84 11.80 10.62 58.05
11-00 18.91 19.85 10.85 12.76 62.37
-04 16.63 17.88 11.30 11.89 57.70
-08 18.00 16.78 9.90 11.69 56.37
-12 No card.
-14 18.15 16.59 9.80 10.62 55.16
-16 17.48 16.32 9.60 10.16 53.56
-20 22.38 16.94 13.90 10.16 63.38
-24 16.65 13.92 10.60 11.59 52.76
-28 15.90 14.03 9.90 9.44 49.27
-32 15.43 16.70 9.50 11.86 53.49
-36 15.45 19.25 9.50 11.20 55.40
-40 15.43 16.70 9.40 11.86 53.39
-44 14.70 16.51 6.40 10.49 50.10
-48 15.30 15.38 8.30 9.53 48.51
-52 No cards taken
-56 Indicator string "broken.
12-00
-02 9.32 5.88 .99 2.76 18.95
-04 8.13 5.77 1.00 8.79 17.69
-08 7.40 7.44 1.00 2.79 18.63
-12 7.41 6.40 •84 2.59 17.24
-16 7.06 6.74 •84 2.36 17.00
-20 6.42 . 6.38 •84 2.58 16.22
-24 6.50 9.63 .85 3.36 20.34
-28 7.00 9.39 •86 3.37 20.62























00.1 rr,8 ex.8 M>-
Cd.BX tt.i 00.x 08.r 80-
*S.TX tf.8 M« •
.
x*.r 81-




Time c .s. I.H.P.
12-32 7.62 8.11 1.15 2.81 19.69
-36 No card taken.
-40 7.36 7.05 1.13 2.90 18.44
-44 6.90 7.84 1.35 2.79 18.88
-48 6.74 7.84 1.35 2.79 18.72
-52 5.46 8.63 1.14 3.20 18.43
-56 Card Incomplete.
1-00
-02 8.09 10.59 1.22 3.87 23.77
-04 8.06 10.54 1.28 4.07 23.95
-08 14.10 16.89 2.62 8.77 42.38
-12 19.00 17.40 15.96 12.30 64.66
-16 18.35 17.05 11.58 11.50 58.48
-20 18.70 16.90 11.40 10.90 57.90
-24 18.50 18.35 10.40 10.32 57.57
-28 18.00 17.55 10.20 10.22 55.97
-32 17.50 18.60 11.12 11.05 58.27
-36 17.70 17.80 11.75 11.23 58.48
-40 17.75 16.60 11.95 11.05 57.35
-44 18.30 17.20 12.30 11.10 58.90
-48 17.30 17.60 12.30 10.95 58.15
-52 19.25 16,60 12.20 11.60 59.65
-56 18.75 17.90 11.20
2-00 19.05 17.30 11.62 11.10 59.07
-04 18.50 18.20 11.44 10.70 58.84



















sa.fi ta.ax OX.^X ao-
'
.
1 aa.ai oa.rx oo.ax ftX-
,11 M*XX •O.fX •c.ax •1-
CK . .OX o^.xx oe.ax or, X
it.OX ae.ax oa.ax -
re. li.OX 06«0X M.TX oe.ax -
ao.ii tx.xx oa.AX OI.TX
asax arax oa.rx •r.TX ac-
ao.xx at. IX oa.ax ar.rx oa-
oxax ot.tx oe.ax
ax •86 ev.ox oe«tx oa.rx Oi.TX a»-
oa.xx 08.8X oa.ax as,«x
oa.ox ot.rx ev.ac
ox«xx sd.rr io.tx 00-
ov.ox (r.«x 0C.6X
.

























































































Time H.E. C .S. H.E. C.E. I.H.P.
3-56 24.88 24.96 18.30 19.68 87.82
4-00 25.40 28.66 19.35 17,70 91.11
-04 27.22 25.70 19.60 19.70 92.22
-08 Incomplete Card.
-12 30.13 28.30 20.05 22.75 101 . 23
-16 30.69 31.10 24.00 24.02 109.81
-20 31.08 31.30 24.85 25.08 112.31
-24 29.95 31.30 23.37 24.30 108.92
-28 28.12 30.00 17.08 18.80 94.00
-32 26.88 26.39 18.00 18.70 89.97
-36 26.59 25,89 18.90 19.60 90.98
-40 27.60 26.08 19.80 20.05 93.51
d .^. 0*.. . UO-i
M)-
80-




06.81 ao.rc oo.oe •1.88 88-
or. i 8 .









CABDS TAKEN SIMULTANEOUSLY, INTERVAL = 6 MINUTES,
I.H.P,
H.P. L.P. Total
Time H.E. C.E. H.E. C.E. I.H.P.
9-12 14.56 17.35 10.52 10.52 52.95
-18 17.81 17.81 10.53 11.68 57,83
-24 18.78 16.97 11.61 11.82 59.18
-30 18.42 19.57 10.60 11.06 59.65
-36 17.62 17.45 11.40 10.75 57.22
-42 18.43 18.10 10.37 12.88 59.78
-48 18.43 19.00 10.37 12.14 59.94
-54 18.29 16.58 12.65 11.67 59.19
10-00 18.50 17.96 12.90 11.45 60.81
-06 17.57 17.83 11.68 10.66 57.74
-12 18.36 16.85 12.60 11.29 59.10
-18 17.20 18.88 15.87 10.63 61.78
-24 19.58 17.64 15.82 8.46 61.50
-30 20.20 18.32 12.07 8.36 58.95
-36 19.12 18.74 11.00 12.56 61.42
-42 19.78 16.59 10.40 8.83 55.60
-48 19.78 20.59 11.70 8.83 60.90
-54 17.00 17.26 11.64 11.49 57.39
11-00 18.91 19.85 10.85 12.76 62.37
-06 16.85 16.82 10.30 11.69 55.66
-12 No card taken.
-14 n c eftId. 09 9.80 10.62 55.16
-18 20.40 17.03 10.00 9.98 57.41
-24 16.65 13.92 10.60 11.59 52.76






Of • r ( .^x flrt.VX
V€«0£ Of .9X
.
" t te.oi 00,91 •
. I aa.si *
r
•V. , "I 0A.8X 00^x
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. f*^ • '^••ex tr«ti ht'
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Time H.E. C .S. H.E. C.E. I.H.P.
11-32 15 .43 16.70 9.50 11.86 53.49
-36 15.45 19.25 9.5o 11.20 55.40
-42 14.07 16.78 9.40 10.41 50.66
-48 15.30 15.38 8.30 9. 53 48.51
-56 No cards taken.
12-00 Indicator string "broken.
-02 9.32 5.88 .99 . 1 o 18.95
-06 7.40 6.61 1.00 17.80
-12 7.41 6.40 .84 17.24
-18 6.18 7.31 .83 16.65
-24 6.50 9.63 .85 o . oo 20.34
-30 7.26 6.76 .84 t. t.'K 18.19
-36 Ko card taken.
-40 7.36 7.05 1.13 (C . VKJ 18.44
-42 7.15 7.92 1.35 o . yJv 19.51
-48 6.74 7.84 1.35 2.79 18.72
-54 6.27 8.63 1.14 3.20 19.24
1-00 Card incomplete.
-02 8.09 10.59 1.22 3.87 23.77
-06 10.00 10.72 1.41 4.67 26.80
-12 19.00 17.40 15.96 12.30 64.66
-18 19*35 17.40 11.58 11.20 59.53
-24 18.50 18.35 10.40 10.32 57.57
-30 17.95 18.05 10.30 10.62 56.92
-36 17.70 17.80 11.75 11.23 58.48
-42 17.95 17,60 11.40 10.90 57.85
.'I.H.I .7L.H
9* .58 . .1.
88. «X aa.ax
xa.ox 8t»8X ro«»x



















>- Xt.X 8V.0X 00.01







Time C.E. H.Jl. C.E. I.H.P.
1-48 17.30 17.60 12.30 10.95 58.15
-54 17.20 16.40 11.75 11.40 56.75
2-00 19.05 17.30 11.62 11.10 59.07
-06 18.00 18.70 11.44 10.35 58.49
-12 17.30 19.10 10.30 10.70 57.40
-18 17.60 17.40 10.40 10.90 56.30
-24 16.93 16.70 11.40 10.64 55.67
-30 16. 4L 15.97 11.45 10.70 54.53
-36 18.57 16.97 12.40 12.00 59.94
-42 18.18 19.14 11.90 12.65 61.87
-48 17.77 18.72 12.00 11.70 60.19
-54 21.16 20.77 14.00 13.60 69.53
3-00 21.61 22.34 14.70 14.50 73.15
-06 20.65 20.81 14.70 15.42 71.58
-12 21.66 20.13 16.32 13.62 71.73
-18 21.54 20.42 15.48 14.20 71.64
-24 22.16 23.27 19.30 16.62 81.35
-30 25.11 24.05 17.27 17.80 84.23
-36 24.38 22.71 18.23 18.05 83.37
-42 24.72 23.99 18.05 17.90 84.66
-48 24.80 24.64 16.91 18.05 84.40
-54 26.93 27.52 18.48 18.48 91.41
4-00 25.40 28.66 19.35 17.70 91.11
-06 27.23 26.90 20.40 19.80 94.33

















































CARDS TAKEN SIMULTAIJEOUSLY. INTERVAL = 8 MINUTES.
I.H.P.
L.P. Total
TimAX XIIIo C.E. H.E. C.E. I.K.P.
9-12 14.56 17.35 10.52 10.52 52.95
-20 18.04 18.42 11.70 10.60 58.76
-28 18.62 17.65 11.04 11.49 58.80
-36 17.62 17.45 11.40 10.75 57.22
-44 17.45 17.75 10.11 13.06 58.37
-52 18.64 17.82 11.62 11.76 59.84
10-00 18.50 17.96 12.90 11.45 60.81
-08 17.68 19.04 11.62 9.54 57.88
-16 18.92 17.07 11.65 10.63 58.27
-24 19- 5R 17-64X ' •w 15.82 8.46 61 - 50UX . WW
-S9*jtit XO . I TS 12.15 11.05 \J\J • xu
-40 19-73X7 . r w lft-74.XO • r *t 12.04 11.94 U . *zw
-48 19.78 20.59 11.70 8.83 60.90
-56 17.79 17.84 11.80 10.62 58.05
11*04 16.63 17.88 11.30 11.89 57.70
-12 No c ftI'd tftken.
-14 18.15 16-59XU . 9.80 10.62 w w . X U
-20 22.38 16.94 13.90 10.16 63.38
-28 15.90 14.03 9.90 9.44 49.27
-36 15-4.5 9.50 11.20 55.40
-44 14.70 16.51 8.40 10.49 50.10
-52 No card. Indicator string "broken.
12-00 n w 11 N If
-02 9.32 5.88 .99 2.76 18.95
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12-16 7,06 6.74 .84 2.36 17.00
-24 5,50 9.63 .85 3.36 20.34
-32 7.62 8,11 1.15 2.81 19.69
-40 7.36 7.05 1.13 2.90 18.44
-48 6.74 7.84 1.35 2.79 18.72
-56 Card Incomple'tG
.
1-02 8,09 10.59 1.22 3.87 23.77
-04 8.06 10.54 1.28 4.07 23.95
-12 19.00 17.40 15.96 12.30 64.66
-20 18.70 16.90 11.40 10.90 57.90
-28 18.00 17.55 10.20 10.22 55.97
-36 17.70 17.80 11.75 11.25 58.48
•44 18.30 17.20 12.30 11.10 58.90
-52 19.25 16.60 12.20 11.60 59.65
2-00 19.05 17.30 11.62 11.10 59.07
-08 18.10 18.30 11.48 10.70 58.58
-16 17.10 17.20 10.30 10.70 55.30
-24 16.93 16.70 11.40 10.64 55.67
-32 17«34 17.84 11.50 10.15 56.83
-40 17.32 16.80 12.70 11.90 58.72
-48 17.77 18.72 12.00 11.70 60,19
-56 21.35 20.28 13.70 13.60 68.93
3-04 20.65 20.21 15.20 14.96 71.02
-12 21.66 20.13 16.32 13.62 71.73
-20 21.10 20.79 15.00 14.82 71.71
-28 25.61 23.30 18.73 16.71 84.35
•IT
afx-sx
ae.c 86. ea.t »t-
r
• ai«x




S . ^. •0-X
SS.I »«.ox K>-
sx-
o»«cx or, ax ot-
.01 ot.oi a«.Ti oo.sx at-
•
' os.rr or.?x aa-
OC.If os.tx oa."*!
Od.if os.tx oa.ax sa-
otai Sd.CI oe.fi oo-t
B^.XI oe.ai OX.AX ao-
or.01 oc.ox os.rx OX.TX
Ot,5X sa.ax
ai.of OB.CX »a.fx M.fX sa-
09. Cf or.11




Oi.ax xs.ot aa.ot ao-a
tt.ai cx.ot M.Xt tf-
on,«r «t.06 01. r
06*e5 •as 8£-
H.P. L.P. Total
Time H.E. C.E. H.E. I.H.P.
3-36 24.38 22.71 18.23 18.05 83.37
-44 24,95 24.76 18.60 19.68 87.99
-52 25.49 27.46 18.26 17.53 88.74
4-00 25.40 28.66 19.35 17.70 91.11
-08 Card incomplete.
-12 30.13 28.30 20.05 22.75 101.23
-16 30.69 31.10 24.00 24.02 109.81
-24 29.95 31.30 23.37 24.30 108.92
-52 26.88 26.39 18.00 18.70 89.97
-40 27.60 26.06 19.80 20.05 93.51
0'. I
as .ax t»,88 ffa-
o».as
80-
oo.os Oft.tt ef.oe 8f-
• OO.M OC.fC •a.oc ax-








nwo . ..ci. wi. oil
CARDS TAKEN SIMULTANEOUSLY. INTERVAL = 10 MINUTES.
I.H.P.
E.P. L.P. Total
Time H.E. C .E. H.E. C.E. I.H.P.
9-12 14.56 17.35 10.52 10.52 52.95
-22 19.54 18.74 13.24 10.72 62.24
-32 18.04 18.96 11.66 9.91 58.57
-42 18.43 18.10 10.37 12.88 59.78
-52 18.64 17.82 11.62 11.76 59.84
10-02 18.69 17.96 12.57 10.66 59.88
-12 18.36 16.85 12.60 11.29 59.10
-22 19.77 16.85 12.60 10.57 59.59
-32 18.22 18.74 12.15 11.05 60.16
-42 19.78 16.59 10.40 8.83 55.60
-52 18.85 19.77 11.44 12.43 62.49
11-02 16.59 17.22 10.00 12.32 56*13
-12 No card taken.
-14 18.15 16.59 9.80 10.62 55.16
-22 16.73 14.79 10.20 11.57 53.09
-32 15.43 16.70 9.50 11.86 53.49
-42 14.07 16.78 9.40 10.41 50.66
-52 No card. Indicator string "broken.
12-02 9.32 5.88 .99 2.76 18.95
-12 7.41 6.40 .84 2.59 17.24
-22 6.99 8.48 .84 3.33 19.64
-32 7.62 8.11 1.15 2.81 19.69
-42 7.15 7.92 1.35 3.09 19.51
-52 5.46 8.63 1.14 3.20 18.43
• •o. >'
i
sr.oi »8,ex »f«8X »a«ax
aa.tx aa.ax M).ax ae-
MUX rc.ox ox.ax aa.ax a#-
aa.xx aa.Ti ^•3X aa-
.01 ra.ax aa.Tx aa.ax
oa.ax aa.ax aa.ax
ra.ox oa.ax aa. •ax .»




as .ox oa.t aa.dx R f . r
ta.u oa.ox at.^i r\
aa.ix oe.f Of .»x
U.Of o^.a ar.ax
or.? 88«fi ae.a so-':x
1 .TX aa.a i^a. ax-
*d*ax aa.a aa.a as-
ad.ax xa.B ax.x xx.a aft.':'






1 ime TT Tnn • j*j •
1 f\o 1 A RQxu . oy
-1«J 1 Q AA T '7 AAif. 4U
_ oo 1 O OA
TO 1 RA1 r • oo T O ZIA
vl O
-4«i 1 r> AA
RO TO OKly Id .oU
4 AOz-oz lo«40 ^ n OA17 .80
1 o
-IZ T ff TA17»O0 1 O 1 Aly .10
oo





V AO OA r>oZ0« ZZ.OO
1 o
-IZ OT ^Zl« DO OA 1 •<
oo
-lid OT 1 A
1 o OR >l T20* 40 o^Z4.70
A O Oil o o
^4* 0% 00
_KO










1 00 0.0 r AO. f 1
T R OA±0. yo 1 "^A±d» OU A A AAD4. DO
1 A AOxu. 4y RO ftOr .OA
11 10±1 9 Id 11 ARXX. UO Rfi O*?00. A r
1 1 AA 1 A QAXU. yu R*? ARr .00
1 OA 1 1 AAXX. OU RQ ARoy • DO
1
1
XX .OU 1 1 AOXX . Od RQ AOoy . 4a
1 A lAxU.oU 1 A OAXU. fU RO AAOf. 4U
1 111.00 1 A A/NlU. DO AA yl QOU« 4y
1 ^ KA 1 A 1 RXU. ID R AOD.oO
1 1 OA 1 ARX<0. DO A1 fiOOX .Of
1 A OA 1 A OAX4« dU OA 1 1f U. XX
1 R AAJLO. OU 1 R OAXO. do O** Q Af 0. yo
1 A "JtOId. OA 1 AOlo. OA 01 Tfl. fO
1 Q ftOxy . OU 1 9 fiAX r . OD fi1 AQOX .07
1 1 AR 1 RAX f . OU ftA OA0*. f *k
1 A AR 1 QAX f * yu QA AA04. 00
lo. <:!0 1 Kt17. 03 00. f4












































CARDS TAKEN IN ROTATION. INTERVAL = 2 MINUTES.
I.H.P.
H.P. L.P. Total





































































































Time H«!Ei« /t H> XT Vi/.Jii. n.A. T IT T>
11-44 8.40
-46 y. fi 50* 32
A a
-48 15»30
-00 T C At16.41
K. O
-0<; No cards taken.














-20 2. 58 , 18.75
-22 6.99









Time H.S. C»!5. H»!Bj. C . . I.H.P.
12-36 No cards taken.


























































































































































































CARDS TAKEN IN ROTATION. INTERVAL = 4 MINUTES.
I.H.P.
H.P. L.P, Total
























































-56 No cards taken





















Time H.E. C.E. H.E. C.E. I.H.P.
12-28 7.00
-32 8.11








































































































CARDS TAKEN IN ROTATION. INTERVAL = 6 MINUTES.
I.H.P.
H.P. L.P. Total












































-54 No cards taken.
12-00 Indicator string "broken.
-02 2.76 43.29















































































CAEDS TAKEN IN ROTATION. INTERVAL = 8 MINUTES.
I.H.P.
E.P. L.P. Total






















-52 No cards taken.





























































CARDS TAKEN IN ROTATION. INTERVAL = 10 MINUTES.
I.E. P.
E.P. L.P. Total












11-02 > 12.32 58.57







































TABLES XIV TO XVIII INCLUSIVE.
EFFECT ON THE RESULT FOR AVERAGE HORSE POWER
OP THE INTERVAL BET^VEEl^ READINGS.

TABLE XIV.
SERIES A. NUMBER 1.
RESULTS WITH TWO MINUTE
INTERVALS.


























INTERVAL BETV/EEN CARDS = 2 MINUTES.
TAKEN SIMULTANEOUSLY.
Length No. of Readings Ave.K.P.



































Length No, of Ave,
Time of Test Readings I.H.P.
10:12 -3:12 5 hrs. 0» 136 51.16
11:12 -4:12 " 134 56.11
9:12 -3:12 6 hrs. 0» 166 52.48
10:12 -4:12 • 164 56.73
9:12 -4:12 7 hrs. 0* 194 57.01
dftX •0 .nt-f !^
•0 •••ix< '
TABLE XV.
SERIES A, NUMBER 2,





SERIES A. No. 2. INTERVAL BETWEEN CARDS = 4 MINUTES
CARDS TAKEN SIMULTANEOUSLY.
Length No. of Ave*
Time of Test Readings I.H.P.
9fl2--10:12 1 hr. 0' 15 58.24
10:12-11:12 a 15 60.25
11:12--12:12 : 13 45.41
12:12 -1:12 • 13 21.21
1:12 -2:12 • 15 58.70
2:12 -3:12 • 15 55.32
3:12 -4:12 m 14 82.97
9:12-11:12 2 hrs.O* 30 59.24
10:12-12:12 28 53.36
11:12 -1:12 « 26 33.31
12:12 -2:12 II 28 41.29
1:12 -3:12 II 30 57.01
2:12 -4:12 N 29 68.67
9:12-12:12 3 hrs.O* 43 55.06
10:12 -1:12 • 41 43.17
11:12 -2:12 41 42.60
12:12 -3:12 • 43 46.19
1:12 -4:12 44 65.27
9:12 -1:12 4 hrs.O* 56 47.20
10:12 -2:12 • 56 47.33
11:12 -3:12 m 56 46.01
12:12 -4:12 m 57 55.22
9:12 -2:12 • 5 hr8.0» 71 49.63









8X • SX ! " ** " • • r
'
^X • •X: -
ax • fX!'*- ^fiT
2X • 81:
- tX!»- ttlK
oe : - :
• 8XtSX«tX:0i




x> • '*r:r- sr:oi
x»








Length No. of Ave.
Time of Test Readings I.H.P.
11:12 -4:12 5 hrs.O' 70 53.26
9:12 -3:12 6 hrs.O» 86 50.62
10:12 -4:12 • 85 54.61




SERIES A. NUMBER 3.
RESULTS WITH SIX MIITOTE
INTERVALS.

SERIES A. No. 3. INTERVAL BETVOiIEN CARDS = 6 MINUTES.
CARDS TAKEN SIMULTANEOUSLY.
Length No. of Ave.
Time of Test Readings I.H.P.
9:12-10:12 1 hr. 0' 10 58.43
10:12-11:12 " 10 59.47
11:12-12:12 • 9 45.68
12:12 -1:12 • 10 19.89
2:12 -8:12 10 58.75
2:12 -3:12 • 10 62.02
3:12 -4:12 • 10 83.82
9:12-11:12 2 hrs.O' 20 58.95
10:12-12:12 " 19 52.94
11:12- 1:12 19 32.11
12:12 -2:12 ^ • 20 39.32
1:12 -3:12 " 20 60.39
2:12 -4:12 • 20 72.92
9:12-12:12 3 hrs.O* 29 54.83
10:12 -1:12 • 29 41.54
11:12 -2:12 29 41.29
12:12 -3:12 • 30 46.89
1:12 -4:12 • 30 68.20
9:12 -1:12 4 hrs.O» 39 45.87
10:12 -2:12
. 39 45.94
11:12 -3:12 • 39 46.61

































Length No, of Ave*
Time of Test Readings I
9:12 -2:12 5 hrsO* 49 48.50
10:12 -3:12 " 49 49.23
11:12 -4:12 49 54.20
9:12 -3:12 6 hrs.O' 59 50.79
10:12 -4:12 • 59 55.10
9:12 -4:12 7 hrs.0» 69 55.58
ax:2
9b •O.aul r tc:»
TABLE XVII,
SERIES A, NUMBER 4.
RESULTS WITH EIGHT MINUTE
INTERVALS.
.] IV>
SERIES A. No. 4. INTERVAL BETWEEN CARDS = 8 MINUTES,
CARDS TAKEN SIMULTANEOUSLY.
Length No. of Ave.
Time of Test Readings I.H.P.
9:12-10:16 1 hr.4» 8 58.08
10:16-11:12 56» 7 59.86
11:12-12:16 1 " 4» 7 44.41
12:16 -1:12 " 56 7 20.27
1:12 -2:16 1 hr. 4' 8 59.15
2:16 -3:12 hr. 56' 7 60.95
3:12 -4:16 1 hr. 4» 8 86.10
9:12-11:12 2 hrs. 0» 16 58,91
10:16-12:16 " 14 52.14
11:12- 1:12 • 14 32.34
12:16 -2:16 " 16 41.01
1:12 -3:12 • 16 59.99
2:16 -4:16 • 16 74.36
9:12-12:16 3 hre. 4» 22 54.30
10:16 -1:12 2 hrs. 56» 21 41.51
11:12 -2:16 3 hrs. 4» 22 42.09
12:16 -3:12 2 hrs. 56* 22 47.35
1:12 -4:16 3 hrs. 4« 23 69.07
9:12 -1:12 4 hrs. 0' 29 46.08
10:16 -2:16 • 29 46.38
11:12 -3:12 29 46.64

























.anif ^ SXtX- ^»'!<'
• J
CAEDS TAKRN SIMULTAISIEOUSLY,
Length No, of Ave.
Time of Test Readings I.E.P.
9:12 -2:16 5 hrs, 4« 37 48.91
10:16 -3:12 4 hrs. 56* 36 49.21
11:12 -4:16 5 hrs. 4« 37 55.17
9:12 -3:12 6 hrs. 0* 44 50.82
10:16 -4:16 6 hrs. 0» 44 55.92
9:12 -4:16 7 hrs. 4» 52 56.25
80
TABIDS XVIII.
SERIES A. NUMBER 5.
RESULT WITH TEN MINUTE
INTERVALS.
USAT
SERIES A. No. 5. INTERVAL BETWEEN CARDS = 10 MINUTES,
CARDS TAKEN SIMULTANEOUSLY.
Length No. of Ave.
Time of Test Reeidings I.H.P.
9:12-10:12 1 hr. 6 58.88
10:12-11:12 6 58.84
11:12-12:12 • 5 46.27
12:12 -1:12 6 19.71
1:12 -2:12 • 6 59.61
2:12 -3:12 • 6 63.44
3:12 -4:12 " 6 83.51
9:12-11:12 2 hrs. 12 58.86
10:12-12:12 " 11 53.13




1:12 -3:12 It 61.53
2:12 -4:12 12 73.48
9:12-12:12 3 hrs. 17 55.16
10:12 -1:12 17 41.33
11:12 -2:12 " 17 41.60
12:12 -3:12 • 18 47.59












































Length No, of Ave.
Time of Test Readings I.H.P,
9:12 -2:12 5 hrs. 29 48.74
10:12 -3:12 • 29 49.69
11:12 -4:12 " 29 54.80
9:12 -3:12 6 hrs. 35 51.29
10:12 -4:12 " 35 55.49
9:12 -4:12 7 hrs. 41 55.98

SERIES B,
EFFECT ON THE RESULT FOR AVERAGE HORSE POWER
OF THE METHOD OF TAKING CARDS.
lonioq r
TABLE XIX.
SERIES B NUMBER 1.




SERIES B. No.l. INTERVAL BETWEEN CARDS = 2 MINUTES
CARDS TAKEN SIMULTANEOUSLY, CARDS TAKEN IN ROTATION.
Length No, of Ave, Length No, of Ave,
Time of Teat Readings
Hrs. Min.
I.H,P. Time of TestReadings
Hrs. Min,
I,H.P.
9:12-10:16 1 - 4 32 58.60 9:12-10:16 1-4 8 58.90
10:16-11:12 -56 28 59.09 10:16-11:12 -56 7 59.47
11:12-12:14 1 - 2 28 44.42 11:12-12:14 1-2 6 44.34
12:14 -1:16 1 - 2 24 25.56 12:14 -1:16 1-2 6 26.75
1:16 -2:12 -56 28 58.17 1:16 -2:12 -56 7 58.29
2:12 -3:14 1 - 2 31 62.42 2:12 -3:14 1-2 8 63.12
3:14 -4:16 1 - 2 29 85.33 3:14 -4:16 1-2 7 84.79
9:12-11:12 2 - 60 58.82 9:12-11:12 2-0 15 59.16
10:16-12:14 1 -58 56 48.60 10:16-12:14 1 -58 13 52.18
11:12 -1:16 2 - 4 52 32.32 11:12 -1:16 2-4 12 35.54
12:14-2:12 1 -58 52 43.12 12:14 -2:12 1 -58 13 43.73
1:16 -3:14 1 -58 59 60.40 1:16 -3:14 1 -58 15 60.87
2:12 -4:16 2 - 4 60 73.49 2:12 -4:16 2-4 15 73.22
9:12-12:12 3 - 88 52.23 9:12-12:14 3-2 21 54.93
10:16 -1:16 3 - 80 41.69 10:16 -1:16 3 -0 19 44.36
11:12 -2:12 3 - 80 41.37 11:12 -2:12 3-0 19 43.92
12:14 -3:14 3 - 83 50.33 12:14 -3:14 3-0 21 51.12
1:16 -4:16 3 - 88 68.84 1:16 -4:16 3-0 22 68.48
9:12 -1:16 4 - 4 112 46.52 9:12 -1:16 4-4 27 48.67
10:16 -2:12 3 -56 108 45.96 10:16 -2:12 3 -56 26 48.11
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CARDS TAKEN SIMULTANEOUSLY. CARDS TAKEN IN ROTATION
Length No .of Ave» Length No. of Ave,
Time of Test Readings I.H.P. Time of Test Readings I.H.P.
Hrs. Min. Hrs. Min.
12:14 -4:16 4-2 112 59.39 12:14 -4:16 4-2 28 59.53
9:12 -2:12 5-0 140 48.85 9:12 -2:12 5 -0 34 50.64
10:16 -3:14 4 -58 139 49.64 10:16 -3:14 4 -58 34 51.64
11:12 -4:16 5-4 140 55.13 11:12 -4:16 5-4 34 56.85
9:12 -3:14 6-2 171 51.31 9:12 -3:14 6-2 42 53.02
10:16 -4:16 6-0 168 55.81 10:16 -4:16 6-0 41 57.30






SERITilS B. NUMBER 2.
RESULTS WITH POUR MINUTE
INTERVALS.

SERIES B. NO. 2. INTERVAL BETWEEN CARDS =: A MINUTES.
CARDS TAKEH SIMULTANEOUSLY. CARDS TAKEN IN ROTATION.














10:16-11:20 1 - 4 16 60.00 10:16-11:20 1 - 4 4 59.45
11:20-12:12 -52 11 43.78 11:20-12:12 -52 3 43.39
12:12 -1:08 -56 12 1 Q 44. 12:12 -1:08 -56 3 19.35
1:08 -2:12 1 - 4 16 57.68 1:08 -2:12 1 - 4 4 57.38
2:12 -3:16 1 - 4 16 62.46 2:12 -3:16 1 - 4 4 62.43
3:16 -4:04 -48 12 33.14 3:16 -4:04 -48 3 84.13
9:12-11:20 2 - 8 32 58.94 9:12-11:20 2 - 8 8 58.81
10:16-12:12 1 -56 27 53.15 10:16-12:12 1 -56 7 52.65
11:20 -1:08 1 -48 23 31.08 11:20 -1:08 1 -48 6 31.47
12:12 -2:12 2 - 28 41.29 12:12 -2:12 2 - 7 39.65
1:08 -3:16 2 - 8 32 60.07 1:08 -3:16 2 - 8 8 59.91
2:12 -4:04 1 -52 28 71.32 2:12 -4:04 1 -52 7 71.73
9:12-12:12 3 - 43 55.06 9:12-12:12 3 - 11 54.66
10:16 -1:08 2 -52 39 49 7ft 10:16 -1:08 2 -52 10 49. 4R
11:20 -2:12 2 -52 39 41.99 11:20 -2:12 2 -52 10 41.66
12:12 -3:16 3 - 4 44 48.76 12:12 -3:16 3 - 4 11 47.94
1:08 -4:04 2 -56 44 66.36 l:08 -4:04 2 -56 11 66.51
9:12 -1:08 3 -56 55 47.29 9:12 -1:08 3 -56 14 47.10
10:16 -2:12 3 -56 55 47.11 10:16 -2:12 3 -56 14 46.87













Length No. of Ave.
Time of Test Readings I.E.P.
Hrs. Min.
12:12 -4:04 3 -52 56 56.31
CARDS TAKEN IN ROTATION.
Length No. of Ave.
Time of Test Readings I.H.P.
Hrs. Min.
12:12 -4:04 3 -52 14 55.69
9:12 -2:12 5-0 71 49.63
10:16 -3:16 5-0 71 50.57
11:20 -4:04 4 -44 67 54.25
9:12 -2:12 5-0 18 48.70
10:16 -3:16 5-0 18 49.66
11:20 -4:04 4 -44 17 53.40
9:12 -3:16 6-4 87 51.99
10:16 -4:04 5 -48 83 55.28
9:12 -3:16 6-4 22 51.76
10:16 -4:04 5 -48 21 55.24




SERIES B. NUMBER 3.
RESULTS WITH SIX MINUTE
INTERVALS,

SERIKS No.3. INTERVAL BETV/EBJN CARLS = 6 MINUTES
CABDS TAKEN SIMULTANEOUSLY. CARLS TAKEN IN ROTATION.














10:00-11:12 1 -12 12 59.44 10:00-11:12 1 -12 3 58.96
11:12-12:06 -54 8 49,04 11:12-12:06 -54 2 50.46
12:06 -1:18 1 -12 12 23.45 12:06 -1:18 1 -12 3 22,34
1:18 -2:30 1 -12 12 57.68 1:18 -2:30 1 -12 3 58,59
2:30 -3:18 -48 8 65,32 2:30 -3:18 -48 2 64,40
3:18 -4:06 -48 8 84,02 3:18 -4:06 -48 2 82.84
9:12-11:12 2 - 20 58,95 9:12-11:12 2 - 5 57.94
10:00-12:06 2 - 6 20 55,28 10:00-12:06 2 - 6 5 55,56
11:12 -1:18 2 - 6 20 33,68 11:12 -1:18 2 - 6 5 33,59
12:06 -2:30 2 -24 24 40,56 12:06 -2:30 2 -24 6 40.63
1:18 -3:18 2 - 20 60,74 1:18 -3:18 2 - 5 61,11
2:30 -4:06 1 -36 16 74.67 2:30 -4:06 1 -36 4 73,62
9:12-12:06 2 -54 28 56,12 9:12-12:06 2 -54 7 55,80
10:00 -1:18 3 -18 32 43.34 10:00 -1:18 3 -18 8 43:10
11:12 -2:30 3 -18 32 42.68 11:12 -2:30 3 -18 8 43,09
12:06 -3:18 3 -12 32 46.75 12:06 -3:18 3 -12 8 46,57
1:18 -4:06 2 -48 28 67.39 1:18 -4:06 2 -48 7 67.32
9:12 -1:18 4 - 6 40 46.32 9:12 -1:18 4 - 6 10 45.76
10:00 -2:30 4 -30 44 47.25 10:00 -2:30 4 -30 11 47.43
11:12 -3:18 4 - 6 40 47,21 11:12 -3:18 4 - 6 10 47,35
-.0
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Length No , of Ave
•
Time of Test Readings I.H.P.
Hrs, Min.
CARDS TAKEN IN ROTATION.
Length No .of Ave,
Time of Test Readings I.H.P,
Hrs. Min.
12:06 -4:06 4 - 40 54,21 12:06 -4:06 4 - 10 53.83
5 -LCJ 48 • 94 9*19 -9 • "^0 5 xo 48 .80
10:00 -3:18 5 -18 52 50.03 10:00 -3:18 5 -IS 13 50.03
11:12 -4:06 4 -54 48 53.35 11:12 -4:06 4 -54 12 53.27
9:12 -3:18 6 - 6 60 51.12 9:12 -3:18 6 - 6 15 50.88
10:00 -4:06 6 - 6 60 54.56 10:00 -4:06 6 - 6 15 54.40
9:12 -4:06 6 -54 68 54.99 9:12 -4:06 6 -54 17 54.64
1:9
TABLE XXII.
SERIES B. NUMBER 4,
RESULTS WITH EIGHT MINUTE
INTERVALS.

SERIES B. No. 4. INTERVAL BETOiai CARDS = 8 MINUTES.
CARDS TAKEN SIMULTANEOUSLY. CARDS TAKEN IN ROTATION.
Length No. of Ave. Length No. of Ave.
Time of Test Readings I.H.P. Time of Test Readings I.H.P.
Hrs. Min. Hrs. Min.
j
9:12-10:24 1 OO . XU Q.I 0_.TO. OA•xu
:
X -x<& o OD . OX
10:24-11:28 1 - 4 8 59.91 10:24-11:28 1 - 4 2 57.41
11:28--12:08 -40 4 43.41 11:28-•12:08 -40 1 46.31
12:08 -1:12 1 - 4 8 2o .07 12:08 -1:12 1 - 4 2 1 rv OA19 . 20
1:12 -2:16 1 - 4 8 59.15 1:12 -2: 16 1 - 4 2 K n OO/ .28
2:16 -3:20 1 - 4 8 62.30 2:16 -3:20 1 - 4 2 CO62.04
3:20 -4:24 1 - 4 8 89.79 3:20 -4 : 20 1 - 2 97 .06
9:12-11:28 2 -16 17 58.95 9:12-•11:28 2 -16 4 57.11
10:24--12:08 1 -44 12 54.41 10:24--12:08 1 -44 3 55.71
11:28 -1:12 1 -44 Id (C f . OO 11. <co -1 : xd 1 A A-44 >»o OO O >1do . <c4
12:08 -2:16 o- o lb . oi x«d:oo - d : XD od o- o A4 •I Q O y1OO . <d4
1:12 -3:20 Q- o i.D X : i& -o : «iu o<& Q- o 4 oy . OD
2:16 -4:24 o- o J.O f o .04 O 1 c<c:io -4 : <60 od A- 4 A4 OA /A/O . 4U
9:12-•12:08 2 -56 21 55.99 9:12-12:08 2 -56 5 54.95
10:24 -1:12 4U. DO lu : <d4 -X : xd, o -4o oy .yj.
11:28 -2:16 A O d\J 40.3 ^ 11 : 28 -2:io 2 A O-48 1 OKoy .80
12:08 -3:20 3 -12 24 47 .17 12:08 -3:20 3 -12 6 46.17
1:12 -4:24 OA /U. 41 Xixc, -4 : <iU o— o /«D OA A'^
9:12 -1:12 4 - 29 46.08 9:12 -1:12 4 - 7 44.71
10:24 -2:16 3 -52 •28 45.99 10.24 -2:16 3 -52 7 44.87
11:28 -3:20 3 -52 28 46.64 11:28 -3:20 3 -52 7 46.19










G - : Lit:! I*.or
- * <jr!f- 2f:v
CARDS TAKEN SIMULTAJNEOUSLY.
Length No .of Ave.
Time of Test Readings I.H.P.
Hrs, Min»
9:12 -2:16 5 - 4 37 48.91
10:24 -3:20 4 -56 36 49.59
11:28 -4:24 4 -56 36 55,95
9:12 -3:20 6 -8 45 51.29
10:24 -4:24 6 - 44 56.89
9:12 -4:24 7 -12 53 57.10
CARDS TAKEN IN ROTATION.
Length No • of Ave
.
Time of Test Readings I.H.P.
Hrs. Min.
9:12 -2:16 5-4 9 47.53
10:24 -3:20 4 -56 9 48.69
11:28 -4:20 4 -52 9 56.10
9:12 -3:20 6-8 11 50.17
10:24 -4:20 5 -56 11 56.34
9:12 -4:20 7-8 13 56.41

TABLE XXIII.
SERIES B. NUlffiER 5,
RESULTS WITH TEN MINUTE
INTERVALS.
.nix
.<: fOItt?' ' .fl r.y iVfp
SERIES B. No.5. INTERVAL BETVrEP:N CARDS = IC MINUTES
CABTS TAKEN SIMUXTANEOUSLY
.
CARDS TAKEN IN ROTATION.
Length HO . Ol Ave
.
Length No. Of Ave •
Time of Test
Ers. Min





Time of Test Readings
Hrs. Min.
9:12-10:32 1 -20 2
T tl "Di • ri.x'.
Oo »OA
10:32-11:12 -40 A*t Art 10:32-11:12 -40 1 Oo .Or
n • 1 2-1 p • ''i? X rj1 oo . n • 1 9-1 9 • "^9XX • XA^Xtb » OA X -90 9A AA QTl*u • yo
lOt^P
-1 • 1 ?
— ftvy 4 20.35 1 9» "^p -1 • 1 9XAtOA —X • X4C n -AO'±\j X 20.55
1 . 1 o „o . -xpX • X<b — 4& • o<& X — <&v 8 59.46 1 • 1 9 -9 • "^9X • X<o — <b • 0<C X — 9A 58.36





OA X —OA— «iU QO oy • xo • 1 O —A» "^PO • ±A 4
•
Oa X — <^U pA ft A 0*^OO • OO
9:12-11:12 2 - 12 0C5 .00 9:12-11:12 2 - 3 RQ "7/1Oo . f ft
10:04^-12:32 2 - XX 40 oy 10:32-12:32 2 - »rO /I A O T4d • ol
11:12 -1:12 2 - 11 31.78 11:12 -1:12 2 - 3 34.14
12:32 -2:32 2 - 12 46.41 12:32 -2:32 2 - 3 45.76
i:i2 -o:i2 2 - 12 61. 53 i:x2 -o:i2 2 - O •zO oO.oy
2:32 -4:32 2 - 12 81.33 2:32 -4:32 2 - 3 79.87
3 XV OX
:
y :i2-x2:o2 O -20 51.61
10»32 -1«12 2 15 38.93 xU.02 -x:x2 oA >lA-4U 4 39.25
11»12 -2»32 3 -2o 19 43.43 11»19 _9» "^OXX
:
±A ~Ai OA o OA 43.83
XCitOA —0*Xa n — Art XD OJ. .20 12:32 -3:12 2 -40 4 50.80
1:12 -4:32 3 -20 AU r Oo 1:12 -4:32 3 -20 5 71.26
9:12 -1:12 4 - 23 45.91 9:12 -1:12 4 - 6 46.44
10:32 -2:32 4 - 23 46.07 10:32 -2:32 4 - 6 46.28
11:12 -3:12 4 - 23 47.30 11:12 -3:12 4 - 6 47.51












OS- e 8e:sx- :
0*- s gx:x- . . ;
OS- e sc:s- txif
0*- s 8X:e- se:^i
OS- ^ <?Cr.^' Silt
X o
I 0.
CARDS TAKEN SIMULTANEOUSLY TAKEN.
Length No. of Ave.
Time of Test ^Readings I.H.P.
Hrs. Min
CARDS TAKEN IN ROTATION.
Length No. of Ave.
Time of Test Readings I.K.P,
Hrs. Min.
9:12 -2:32 5 -20 • 31 49.40 9:12 -2:32 5 -20 8 49.32
10:32 -3:12 4 -40 27 48.98 10:32 -3:12 4 -40 7 49.09
11:12 -4:32 5 -20 31 58.10 11:12 -4:32 5 -20 8 57.34
9:12 -3:12 6 - 35 51.27 9:12 -3:12 6 - 9 51.25
10:32
i
-4:32 6 - 35 58.16 10:32 -4:32 6 - 9 57.47
9:12 -4:32 7 -20 43 58.31 9:12 -4:32 7 -20 11 57.72
OS-
TABLES XXIV AlW XXIV A,




EFFECT ON KRSUXT OF TIME BE'ilVEEN READINGS.
CARLS TAKEN SIMULTANEOUSLY.
TABLE 24 ¥ROM SERIES A.



















6 2 - 53.63 52.15 52.77 53.13 53.07
5 3 - 52.04 50.06 50.55 50.86 50.91
4 4 - 50.78 48.94 48.64 49.20 48.97
3 5 - 52.54 50.64 50.64 51.10 51.08
2 6 - 54.61 52.62 52.95 53.37 53.39
1 7 - 57.01 55.15 55.58 56.25 55.98
TABLE 24 A. mOU TABLE 24.
Variation of Average I.H.P. Due to Change















6 2 - 1.000 .972 .984 .991 .989
5 3 - 1.000 .962 .971 .977 .978
4 4 - 1.000 .964 .958 .969 .964
3 5 - 1.000 .968 .968 .973 '.972
2 6 - 1.000 .964 .969 .977 .977


















TABLES XXV AND XXV A,
VARIATION OP AVERAGE INDICATED HORSE POYTER
DUE TO
CHANGE IN THE METHOD
OP TAKING CARDS.
A lb HOITAIXAV
EFFECT ON RESULT OF THE 11ETH0D OF TAKING CARDS.
TABLE 25. FROM SERIES B.
Average I.H.P. Cards Taken Si- Average I.H.P. Cards faken in
multaneously. Interval as Rotation. Interval as Shown
No .of Shown Below. Below.
Tests 2 Min.4 Min.6 Min.8 Min.lO Min.2 Min.4 Min.6 Min.8 Min.lO Min,
7 56.23 54.97 56.73 56.10 55.79 56.52 54.90 56.27 55.69 55.71
6 51.13 52.64 53.98 52.93 54.27 54.15 52.37 53.74 52.56 54.37
6 50.89 50.59 51.26 50.92 51.49 52.56 50.65 51.18 50.18 51.35
4 49.78 49.67 48.75 51.20 50.79 51.48 49.35 48.59 48.27 50.79
3 51.14 51.48 50.77 51.48 52.16 53.04 50.59 50.70 50.77 51.92
2 53.56 53.64 52.84 54.09 54.72 55.16 53.50 52.64 53.26 54.36
1 56.24 55.77 54.99 57.10 58.31 57.56 55.66 54.64 56.41 57.72
TABLE 25 A. FROM TABLE 25.
Variation ibf Average I.H.P. Due to Change in the Method of
Taking Cards.
No . of Int. = 2' Int. = 4 • Int. = 6» Int. = 8* Int. = 10'
Tes'EB Simula» Pot. Simul. Rot. Simul. Pot. Simul. Fot
.
Simul. Pot.
7 1.000 1.005 1.000 .998 1.000 .991 1.000 .992 1.000 .998
6 1.000 1.058 1.000 .994 1.000 .995 1.000 .992 1.000 1.002
5 1.000 1.032 1.000 1.001 1.000 .998 1.000 .985 1.000 .997
4 1.000 1.034 1.000 .993 1.000 .997 1.000 .942 1.000 1.000
3 1.000 1.037 1.000 .982 1.000 .998 1.000 .986 1.000 .995
2 1.000 1.029 1.000 .997 1.000 .996 1.000 .985 1.000 .993
1.000 1.023 1.000 .998 1.000 .993 1.000 .987 1.000 .989
NOTE- In each group there is a difference in the length of tests for
change of interval. (See Series B) In all cases, however, the tests
with 2, 4, 6, 8 and 10 minute intervals are of equal length and be-
tween the same hours, both when the cards are taken simultaneously
and when they are taken in rotation.
Of.w^V «,fTf« ?i.n'» .T'w m^n^"
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TESTS OP A CONTINUOUS STEAM ENGINE INDICATOR,

90.
TESTS OP A CONTINUOUS STEAM ENGINE INDICATOR.
As has "been stated, the original scheme for testir g the con-
tinuous indicator provided for a comparison of the results for average
horse power ohtained hy its use with the result obtained by working
up a set of cards taken at intervals, and accepting the average
horse power obtained from them as the true average horse power de-
ji veloped by the engine.
The 8" X 12" Meyer Automatic Engine in the laboratory of the
;
University of Illinois was chosen for use in connection with this
t!
work and was accordingly ringed up for a test. The manner in which




A reference to figure seven makes clear the method of piping
employed to make possible the use of both the continuous Indicator
and the two ordinary indicators with which it was to be compared .
At each end of the cylinder are pipes carrying tees at the unper end.
Of the three branches of each tee one leads to the cylinder, another
to the continuous indicator and the third to an ordinary indicator.
It wil.l be seen that the continuous indicator is maintained constantly
in comiriunica tion with the two ends of the cylinder and that the or-
dinary indicators can be cut off from such communication it will hy
jmeans of the indicators cocks, which are clear Ij-- show?n« As will be
' seen^ the continuous indicator is connected to the reducing motion by
means of a cord.
Figure 8 shows clearly the brake used to absorb and to
measure the en^-ine load. It is a block and band brake of the well
known pronytype. Por this type of brake
B.H.P.= Brake horse power = Zlfr w/ 33000.

9&
Where r = distance from center of brake whcfl to the point of appli-
cation of the load
W = effective load on scale in pounds and
N = revolutions per minute of engine.
The knifeedge was so adjusted that 2Jhr became equal to 33 feet,
reducing the formula for brake horse power to the form
B.H.P. = 33WN/ 33000 = WN/ 1000
One test serve to shew, however, that the continuous indi-
cator to be tested could not be satisfactorily driven by a flexible
cord connection to the reducing motion. At high speeds the spring
S (Pig. 3), even when given the maximum, tension possible, was not
quick acting enough to give the full stroke to the recording driim.
A question was also raised as to the just comps.rabil ity of results
obtained by use of a continuous indicator to those resulting from
taking the average of several horse powers obtained from cnrds taken
at intervals with ordinary indicators.
Because of the difficulty experienced in driving the recor-
ding drum of the continuous indicator by means of the spring S and aij
flexible connection between the drum and the reducing motion, a steel
rod one eight inch in diameter wa.s substituted for the cord and a
positive drive assured. The method of driving the dri.:m of the con-
,
tinuous indicator and the two ordinary indinators is clearly shown
in figure nine^
The cord driving the drums of the ordinary indicators is
so attached to the arm of the reducing motion that when the engine
is at mid-stroke a perpendicular from the center of rotation of the




In order to meet the objection implied by the question
•1.M.8
1 Ofl
regarding the comparability of results obtained by the continuous
indicator to those obtained by taking the average of the horse power
worked up from cards taken at intervals, an Oliver Automatic Re-
cording Machine was attached to the engine as shown in figure ten*
This machine gives a continuous record of the performance of the
engine and will be more fully described later.
Figures number nine and ten, together with the view of
the brake shown by figure number eight, will serve to give a clear
idea of the manner in which the engine was rigged up for the tests.
A more detailed description of the instriaments used and methods
employed, together with a summary of results, follows.
The continuous indicator has been described previously and
it has been shown that the reading on the dial is proportional to
the work done by the engine. We will now develop a horse power
iXlv iiini rwill mmUm •un^ •as
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constant for this indicator . In this indicator,
Circumference of recording drxim = 3.125 inches,
and one revolution of center = 8 revolutions of the drum.
Then one revolution of the counter is the equivalent of one revo-
lution of a recording driim of twenty-five inches circiunference
.
Now let









1 = The length cf a line perpendicular to both the center of the
piston rod P (Fig, 11) and the axis of rotation of theframe
carrying the wheel W. = 1,442 inches.
S = Scale of spring. (Pounds pressure to move piston one inch )
N = Revolutions per minute of engine
^ " Strolces per minute of engine = 21T
and C = Average engine constant = l/2 (A, l/ 3S000 -f A^l/ 33000)
By the well known formula for horse power
H.P, = PLA/N/ 33000 + PLA^IJ/ 33000 = 2PCN
where P = The mean effective pressure.
With the continuous indicator,
Total e fective pressure for one revolution of counter =
25 X S X l/ s
M.E.P. for one revolution = 25 x S x l/s x 2N x t
And the horse power for any length of time
= H.P. = 2 PCN = 2x25xSxlxCx u/s x 2H x t =
25xSxlxrx c/s x t
The Meyer engine used had the following dimensions
Diameter of cylinder = 8 inches
Stroke = 12 inches
Diameter of piston rod = 1.5 inches
A,L/33000 = 8 X 8 X .7854 xl/ 33000 = .0015232
A^L/33000=(8 X 8 x.7854 - I75*x.7854) l/33000 = .0014696
Therefore C = .0015232+. 0014696/2 =.0014964
The engine was so rigged that the stroke of drion became
1.153 inches, reducing l/s to the quantity 1.442/1.153 = 5/4
The springs used were all carefully calibated with the fol
lowing results
Spring number one (a Tabor spring marked 50 pounds) 48.31
Spring number two (a Tabor spring marked 100 pounds)100.00
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As the Tal)or pencil motin gives an ordinate on the indi-
cator card which is five times the motion of the indicator piston,
the actual scales for these springs when applied to the continuoya
indicator are as follows:
Por spring number one -------- 241.55
For spring number two -------- 500,00
The horse power formula then becomes,
Por sp*ing number one,
H.P. = 25 X 241.55 x 5 x r .x.0014964/4t = 11.2949 r./t
And for spring number two,
H.P. = 25 X 500 X 5 X r.x.0014964/4t = 23.3816 r./t
. The indicators used were of the well known Crosly type,
indicator number 2593 being used on the head end and indicator num-
ber 3310 on the crank end. The springs used in them were carefully
calil{ated with the following results
Spring niimber cne ( used in 2593 ) — 59.46
Spring number two ( used in 3310 ) -- 58.37
r
Next will be described briefly the apparatus for calibrating
the springs used in connection with the tests. A view of it is
shown in figure twelve. The apparatus consists of a steam drvm hav-
ing a pressure regulating valve which operates in such manner as to
maintain a constant pressure in the drum, this pressure being de-
pendent upon the number of weights placed on the pan. In case the
pressure becomes too high the valve, shown at the left of the
drum, is forced up by the pressure, increasing the area of port-
opening through which the steam is allowed to escape. With this
v€Q.ve no difficulty was experienced in maintaining any desired pres-
sure ia the drum. The valve is so constructed that when no weights
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are on the pan five pounds pressure is maintained. The gauge shown
in the figure is the Standard Test Gauge of the University of Ill-
inois which was used to check the pressure in the drum. The method
of attaching the indicators is clearly shown in the figure and re-
quires no detailed description.
The automatic recording machine used was designed to record
on a continuous strip of paper the momentary changes of conditions
throughout the test, this producing a sort of graphical log to he
used as a hasis of calculation for the final results.
• Figures number thirteen, fourteen and fifteen show front
rear, and overhead views of the machine and figures niimber sixteen
and seventeen show some of its details. It consists essentially
of two parts: the paper feeding mechanism and the recording me-
• Prom paper by E. C. Oliver in American Machinist, I'eb. 27, '02
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chaniBm, A supply of paper is carried on a roll supported by
shaft A, figure four. The sheet is led upward over a horizontal
.brass plate, to a pair of rolls E and P, over which it passes in an
Coshape, to give the friction necessary for feeding. Prom these
rolls it passes to a receiving roll on shaft H. The paper is fed
forward by the motion of the engine under test, connection being made
between the engine shaft and driving shaft B of the machine by a
light steel rod. The driving shaft B extends to the opposite side
of the machine, where its motion is reduced through a worm and
gear in the ratio of 100 to 1. A pinion D on the shaft with this
worm gear but on the front of the machine engages a gear on the
feed roll E. ( The worm shaft is vertical in figure sixteen,. but
horizontal in figure thirteen.) The paper therefore travels for-
ward with a speed proportional to the speed of the driving shaft.
This speed may be varied as necessary by using gear of different
ratio between D and E,
The two feed rolls are driven together by gears E and p
and the receiving roll H is driven from the gear P through an
idler G. A friction device between the gear on H and its shaft,
shown in detail in figure seventeen, accommodates the speed of
rotation to the increasing diameter of the roll. The tension on
the paper in front of the rolls is adjusted by means of this fric-
tion device, and the tension behind the rolls is adjusted' by
means of a band brake on A. A positive acting clutch interposed
"between two sections of the shaft B allows the feeding mechanism
to be stopped and started at will.
The record is made as the strip of paper passes under a
number of pens on top of the machine, the general arrangement be-
ing shown in figure fifteen. There are twelve of these pens
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available for taking eight- readings. The pens shown on the rear
bar are for tracing base lines for the movable pens in front. The
four pens to the right are connected through a system of levers to
the armatures of electro-magnets, so that the closing of a circuit
II will cause one of these pens to shift, thus indicating by a jog
in the line some movement a record of which is desired. The pens at
the left are held in runners which slide on a circular bar. They
are actuated by light cords attached to the under side and led
OTer pulley on either side of the machine to a moving part the
extent of whose movement it is desired to record.
The pens are shown in detail in figure seventeen. The pen
j|
proper is in the form of*a small tube and bears against the paper
at an angle. The supply of ink is carried in a well just behind
the pen, the flow being obtained by means of very small wicks which
extend from the bottom of the well to point of the pen.
In the electrically operated pen the joints between the
several levers are made by strips of very thin spring steel, there-
by obviating much of the friction and lost motion of pin joints.
The pens may all be simultaneously raised from the paper by the
action of a lever at the side of the machine.
Typical records may with this machine are shown in figures
number eighteen and number nineteen. Figure number eighteen is a
I
portion of the record from a test of an Otto gasoline engine.
The upper line is made by connecting the terminals of one elec-
1
tro-magnet to a clock which makes contact at stated intervals,
fifteen seconds in this case. The second line is made by attach-
ing a brass contact ^iece to the engine in such manner that the
L
lever which injects the gasoline charge will strike it at each in-
jjection, thus causing the pen connected with it to make a jog and
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indicate an explosion. The third line represents revolutions,
contact Toeing made at each revolution of the side shaft, each mark
representing one cycle or two revolutions of the engine. To make
the fourth line, a push button is attached to the indicator in such
a way that when the pencil is pressed against the paper, electric
contact is made and the recording pen is pushed out, in which po-
ition it remains so long as the indicator pencil is in contact
with the paper.
The speed curve is ohtained by connecting one end of a cord
to an arm actuated by a centrifugal governor mechanism shown in fig-
ures number thirteen and fourteen. This cord extends upward over
a light pulley across the machine over a similarly placed pulley
and downward. A light spring connected to this end of the cord
effects its return motion when drawn in the opposite direction
through the action of the speed mechanism. Near the middle of this
cord is attached the runner carrying the speed pen. Any movement
of the governor below, due to a change of speed, will instantly
cause a corresponding movement of the pen above.
The method of obtaining the line representing horse power
is as follows. The brake arm rests directly on the piston of a
hydraulic cylinder, the area of which is one half of a square
inch. A small pipe connects this cylinder with the cylinder of a
steam engine indicator attached to the side of the recording machins
The system being filled with oil, any pressure imposed by the
brake will be transmitted to the under side of the indicator pis-
ton, raising it against the usual spring. The upward movement
of the arm is thus a measure of the pressure at the end of the
brake arm and consequently of the horse power. The movement is trans
-mitted to the pen above by means of a cord in the same manner
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that the speed is indicated,
Figure niunher nineteen shows a portion of a record taiken
from a Corlias engine furnishing power for a street railway.
The first five lines were made by methods similar to those used
in the gasoline engine test. The steam pressure was obtained by
connecting the steam pipe just above the throttle with the indi-
cator used in the previous test for recording horse power. The
line representing horse power was obtained through the motion of
the engine governor by connecting a cord to a vertically moving
arm. This cord was led by means of pulleys to a pen on the machine
in a manner similar to that already explained. Thus any movement
of the governor was instantly shown by a movement of the recording
pen on the paper.
This line then really gives a record of governor positions;
yet, as cut-off is directly affected by the position of the gov-
ernor and as the mean effective pressure depends on the cut-off,
provided the steam pressure is constant, the same position of the
governor will at any time give practically the same mean effective
pressure. The curve is calibrated by taking a number of indicator
diagrams during the test, the time at which they were taken and the
governor position being automatically recorded. In this way the
horse power may be computed for the various governor positions
and a scale made which, when moved along the line, will show the
horse power for each revolution, if necessary.
The records are by means of this machine all traced to the
same scale of time or of distance and all collected on a single
sheet, thus greatly .facilitating the processes of computation and
at the same time greatly decreasing the liability to error due to
incorrectly marking the several individual records.

(09.
In the tests run in connection with this thesis the steeim
pressure was practically constant for each test, as was also the load.
This latter fact is shown by the form of the line showing gov-
ernor positions, which during each test remained parellel to its
base line. This made it possible to make a comparison between the
horse power results by the continuous indicator and the results ob-
tained by computation from the cards taken with the Crosby indi-
cators.
On the following pages will be found the tabulated results
of the tests run to determine the accuracy of the continuous indi-
cator compared with that of indicators of the ordinary type.
Table number twenty-six is a comparison of the results for aver-
age horse power from seven tests as obtained by use of ordinary in-
dicators and by means of the continuous indicator. These tests
were run on April 26, 1902. Table number twenty-seven gives like
information regarding a second series of seven tests run on May
15, 1902. Figure number twenty is a graphic representation of the
results recorded in tables number twenty-six and number twenty-
seven.
By inspection of figure twenty we see that for each series
the points showing the relation between the average horse power
by the continuous indicator and by ordinary indicators lie upon
a straight line. For each series there is found one point which
does not fall on the line joining the remaining points; but as
in each case the point in question is the result of only a few read-
ings (two in one case and three in the other) the author feels jus-
tified in disregarding it.
The straight lines representing the relation between the
values for average horse power obtained with the continuous indi-
dJiw n¥
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TEST OP CONTINUOUS INDICATOR
RUN ON
MEYER AUTOMATIC ENGINE. UNIVERSITY OP ILLINOIS,
APRIL 26, 1902.

TEST OP CONTINUOUS IKDICATOR.
RUN ON
MEYER AUTOMATIC ENGINE. UNIVERSITY OE ILLINOIS.
E.C. OLIVER
OBSERVERS: C.C. HIGGINS APRIL 26, 1902.
HUGO LUND
No. of No. of M.E.P. M.E.P. Ave, Ave.
Test Cards H.E. C.E. Sum R.P.M. I.H.P. I.H.P. I.E.P.
1 18.53 25.70 44.23 hy Cards by
2 18.33 27.66 45.99 222 15.31 Con. Ind.
3 19.10 26.93 46.03 224 15.49
4 17.44 26.14 43.58 222 14.57
5 27.52
6 18.49 26.07 44.56 218 14.59
7 18.69 26.33 45.02 221 14.91
8 17.83 25.34 43.17 221 14.31
9 17.89 26.40 44.29 221 14.68
10 17.92 27.19 45.11 222 15.03
11 18.16 26.59 44.75 223 14.92
12 17.40 26.53 43.93 220 14.50
13 18.31 26.92 45.23 222 15.10
14 18.71 27.12 45.83 220 15.17
15 18.49 26.73 45.22 223 15.13
16 18,09 26.73 44.82 221 14.86
17 18.29 27.13 45.42 218 14.84 14.89 15.71
2 18 11.14 19.99 31.13 228 10.63
n 19 11.94 20.20 32.14 229 11.04






No. of M.E.P. M.E.P. Ave
.
Ave •
Cards H.E. C.E. Sum R.P.M. I.H.P. I.H.P. I.K.P.
21 12.01 20.29 32.30 222 10.75 "by Cards
22 13. 60 20.09 33.69 213 10.75 Con. Ind.
23 13.13 20.68 33.81 228 11.57 11.03 12.46
S 24 27.47 35.44 62.91 210 19.80
m 25 27 . 54 33.86 61.40 210 19.35
m 26 26.97 34.28 61.25 210 19.30
3 27 27.84 33.86 61.70 211 19.58 19.51 19.18
4
4 28 34.97 41.18 76.15 210 24.00
• 29 32.34 40.00 72.34 210 22.80
N 30 32.40 39.79 72.23 211 22.90
31 32.40 37.20 69. 60 212 22. 17
4 32 34.80 39.99 74.79 211 23.70 23.11 22.36
5 33 39.80 47.52 87.32 212 27.80
N 34 40.81 47.28 88.09 211 27.90
II 35 40.80 48.86 89.66 211 28.41
« 36 40.00 52.93 92.93 209 29.18
5 37 40.20 45.94 86.14 207 26.80 28.01 26.01
6. 38 44.62 50.29 94.91 190 27.10
• 39 43.82 49.50 93.32 192 26.91
6 40 42.61 50.69 93.30 190 26.62 26.88 25.99
!i 7 41 54.53 59.78 114.31 199 34.20
I
" 42 46.83 53.86 100.69 197 29.71
7 43 46.17 53.26 99.43 199 29.80 31,24 26.93
HOTE- Average constant for engine = .0015 Steam pressure practical-
ly constant at 116 pounds.
iL== == =_=^^ _=_= __

TEST OF CONTINUOUS INDICATOR
RUN ON
MEYER AUTOMATIC ENGINE, UNIVERSITY OF ILLINOIS.
MAY 15, 1902.
Ji 10 YrjBngfiwj .
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TEST OF CONTimJOUS IlilDICATOR
RUN ON
MBYRR AUTOMATIC ENGINE. UNIVERSITY OF ILLINOIS.
W.C. CARTER
OBSERVERS :- L.A. STEVENSON MAY 15, 1902
HUGO LUND
No. of No. of M.E.P
•
M.E.P. Ave. Ave.
Test Cards H.E. C .E. Sum R.P.M. I.H.P. I.H.P. I.H.P.
1 1 17.76 22.01 39,77 by Cards "by
R 2 18.15 22.79 40.94 Con. Ind.
• 3 19.35 22.99 42.34 204 12.96
1 4 18.95 22.19 41.14 195 12.05 12.50 10.32
2 5 11.17 18.67 29.84
6 10.97 19.65 30.62 243 11,16
• 8 11.37 18.47 29.84 215 9.62
2 9 10.34 15.12
3 10 25.14 33.21 58.35 212 18.56
N 111 26.13 34.19 60.32 210 19.01
II 12 25.14 33.21 58.35 207 18.09
3 13 24.94 31.83 56.77 212 18.06 18.43 22.90
4 14 32.32 39.30 71.62 213 22.92
a 15 32.32 39.89 72.21 208 22.53
4 16 32.52 39.10 71.62 213 22.92 22.79 26.64
5 17 36.91 41.85 78.76 190 22.45
5 18 33.72 45.78 79.50 2o2 24.09 23.27 26.91

No. of No. of M.S.P. M.E.P. Ave. Ave.
Test Card H.E. C.E. Sum R.P.M. I.H.P. I.H.P. I.H.P.
6 19 11.97 18,47 30.44 211 9.65 by Cards by
N 20 11.57 19.06 30.63 224 10.29 Con. Ind.
N 21 10.77 19.85 30.62 225 10.32
6 22 10.37 18.67 29.04 225 9.93 10.05 16,14
1
' 23 17.96 25.74 43.70 216 14.16
N 24 18.55 24.56 43.11 224 14.48
n 25 18.15 24.76 42.91 215 14.37
N 26 17.96 25.15 43.11 225 14.53
N 27 18.55 24.96 43.51 216 14.10
7 28 18.35 25.94 44.29 220 14.62 14.38 20.05
NOTE - Average engine constant = .0015
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Comparatiye resuUs'for ixi^erage horse-pok/er^ cards
and kf contmuous i??dicator.

cator and with ordinary indicators may be given by the general
equation for a straight line,
y = m X + c
where y = Average horse power by the continuous indicator,
expressed as ordinates,
m = Taagent of the angle between the line and the X axis,
X = Average horse power by cards, expressed as abscissae,
and c = An arbitrary constant, being the value of y when
X = 0,
Por the line joining the points obtained from the series of
tests of April 26, 1902,, the equation becomes
j
y = 0&2 X + 3,15,
the constant being plotted to the same scale as is used for plot-
ting the value of y«
I'
"For the series of May 15, 1902 the equation becomes
y = ,79 X + 8.40,
the constant being plotted as before*
5Vom these equations it can be seen that, with different
springs, there is a change in the value of both m and c# In case
the results for average horse power obtained with the continuous
indicator had been the same as those obtained with the ordinary
indicators, m would have been equal to one and c equal to zero.
In view of the results of these tests the author of this
thesis feels constrained to say that, in his opinion, the contin-
uous indicator tested can not be relied upon to give accurate re-
sults. The following is a list of some of its defects.
1. The moving parts are too heavy.
2. The instrument is hard to lubricate, no adequate pro-
vision being made for oiling the piston.

3. The instrument is destructive to springs. It is de-
signed to use the common Tabor spring. These springs are made
by soldering the ends of spiral springs to brass thimbles, one of
jwhich is screwed to the cap of the indicator cylinder and the other
to the piston. After the majority of tests it was found that these
soldered joints were broken. This m&y easily have had a marked ef-
fect upon the accuracy of the instrument.
4« Its working parts are not easily accessible for in-
spection or cleaning. In case any grit or dirt should get into the
Icylinder (and this frequently happens in some classes of work,
notably in locomotive testing) it would be impossible to remove it
without great trouble and an almost prohibitive loss of time.
The more serious of these defects are of such a character
as to render the instrument, in its present form, of very doubtful
'value J and there is none of them but would seriously limit its
;field of usefulness. The author cannot, however, see any reason
why the problem of producing a satisfactory continuous indicator
kxannot be solved, and believes that its solution lies in the design
lOf aui instrument with its mo-v^ing parts as light as is consistent
iwith durability and accuracy, easy of lubrication, and so constructed
that, in case it becomes either necessary or desirable, they may
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